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1. GENERAL REQUIREMENTS
1.1. DESCRIPTION

A. General

Furnish, install, and fully integrate new fiber optic communications cable, existing fiber optic
communications cable, new dial-up and wireless radio communications links, new and existing
traffic signal controllers and cabinets, new closed-circuit television camera units and control
cabinets, new central hardware and software, and new traffic operations center to fofm a complete
and operational central distributed processing traffic signal system for the City of Goldsboro in

North Carolina.

Furnish, install, and fully integrate new 2070L traffic signal controllers and new model 332 and
336 style cabinets to replace existing NEMA controllers and cabinets at locations shown in the h
Plans. Fully integrate existing 2070L traffic signal controllers with signal system. Integrate signal
controllers with fiber optic communications network. Where shown in the plans, integrate signal

controllers using dial-up and wireless radio communications.

Furnish, install, and ﬁ.llly'integrate new fiber optic communications cable for traffic signal
system as shown on the Plans by lashing to existing cables and new messenger cable installed under
this project, and utilizing new and existing conduit systems. Fully integrate existing NCDOT fiber
optic communications cable as shown on the Plans by modifying existing fiber optic interconnect

centers.

‘Furnish and install new fiber optic communications cable to be used by the City of Goldsboro IT
Department. City IT cables will be installed as shown on the Plans by lashing to existing cables and
new messenger cable installed under this project. City IT cables will be installed concurrently with
signal system cables and terminate at locations shown on the cable routing plans. The installation of
City IT cables shall be at the discretion of the Engineer, as it is dependent on funding. In the
event that the Engineer directs the Contractor to not install City IT cables, those associated
pay items will be removed from the contract and there will be no renegotiation in the price

allowed for remaining pay items.

Furnish and install new closed-circuit television (CCTV) camera assemblies at locations shown
in the Plans. Fully integrate camera assemblies with the fiber optic communications network.

Complete and fully integrate a new traffic operations center (TOC) to be housed at City Hall
located at 200 North Center Street in Goldsboro. Terminate all fiber optic communications cables in
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the City Hall IT Room as shown in the Plans, and integrate with new TOC. Install and fully integrate
remote TOC functionality at the City Public Works facility located at 1601 Clingman Street in
Goldsboro. '

Complete and fully integrate video sharing functionality between the TOC and the NCDOT
Division 4 Incident Management Engineer’s office located at 509 Ward Boulevard in Wilson.
Configure and integrate existing NCDOT video distribution hardware and software to allow access
to video from Goldsboro TOC over a standard internet connection.

Install system detection loops, local detection loops, detector cards, and other traffic signal
. equipment as noted in the traffic signal plans.

B. Standard Specifications
Conform to these Project Special Provisions, the Plans, the NCDOT 2006 Standard

Specifications for Roads and Structures (also referred to as the “Standard Specifications™), and
Section 1087 (Pavement Markings) of the Standard Specifications. Also conform to the regulations

and codes described in Section 1700 of the Standard Specifications.

In the event of a conflict between these Project Special Provisions and the Standard
Specifications, these Project Special Provisions shall govern.

1.2. MATERIALS
A. Qualified Products

Furnish new equipment, materials, and hardware unless otherwise required. Inscribe
manufacturer’s name, model number, serial number, and any additional information needed for
‘proper identification on each piece of equipment housed in a case or housing.

Furnish factory assembled cables without adapters, unless otherwise approved by the Engineer,
for all cables required to interconnect any field or central equipment. This equipment may include,
but is not limited to, conflict monitors, transceivers, codecs, and Ethernet switches.

Signal Equipment Qualified Products List (QPL) is available on the Department’s website. The
QPL website is: ‘

http://www.ncdot.org/doh/preconstruct/traffic/ITSS/SMS/apl/

Certain sighal and communications equipment, material, and hardware shall be pre-approved on
the QPL by the date of installation. Equipment, material, and hardware not pre-approved when
required will not be allowed for use on the project. Consult the QPL website to obtain pre-approval

procedures.
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B. Observation Period

Warrant workmanship and Contractor-furnished equipment for a 60-day observation period
under the payment and performance bond from date of acceptance.

If workmanship or equipment fails during the 60-day observation period, repair or replace with
new equipment and begin a new 60-day observation period.

All project documentation shall be submitted to the Engineer prior to completion of the 60-day

observation period.

The observation period for this work will be part of the work to be completed by the project
completion date.

C. Warranties

Unless otherwise required herein, provide manufacturer’s warranties on Contractor-furnished
equipment for material and wdrkmanship that are customarily issued by the equipment manufacturer
and that are at least two years in length from successful completion of the 60-day observation period.
Include unconditional coverage for all parts and labor necessary or incidental to repair defective
equipment or workmanship and malfunctions that arise during warranty period.

Ensure all contractor-furnished equipment, including pieces and components of equipment,
hardware, firmware, software, middleware, internal components, and subroutines which perform any
date or time data recognition function, calculation, or sequencing will support a four digit year
format for a period of at least 50 years. |

Upon successful completion of the 60-day observation period, transfer manufacturer’s warranties
with proper validation by the manufacturer to the Department or its designated maintaining agency.

D.  Firmware Licensing and Upgrades -

Provide the Department with a license to duplicate all programmable devices in equipment for
maintenance and software upgrades. Provide binary or hexadecimal format files for each device that
may be programmed by the Department. Ensure files are provided on PC compatible compact disks

or other approved media.

Ensure firmware performance upgrades that occur during the contract period are available to the

Department at no additional cost.

- Make firmware upgrades that are developed to correct operating characteristics available to the
Department at no additional cost until the warranty period expires. ’
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E. Wire and Cable
Furnish wire and cable on reels. When requested by the Department, furnish samples of wire and
cable to the Department at no additional cost.

Provide either 0.05" x 0.30" aluminum wrapping tape or 0.06" stainless steel lashing wire for
lashing cables to messenger cable. Use 0.045" stainless steel lashing wire to lash fiber-optic

communications cable to messenger cable.

Except for grounding conductors, provide signal cable conductors of size Number 16 AWG that
are fabricated from stranded copper. Number 16 AWG cable can only be used with an all LED
traffic signal intersection. Repairs to a non-LED traffic signal intersection must use Number 14

AWG cable.

F. Painting

Where painting of signal equipment cabinets is required, apply paint at the factory. No field
painting will be allowed except when paint has been scratched or marred. In such cases, apply two
field coats of the same color and grade enamel as the original paint to the scratched or marred

portions.
1.3. CONSTRUCTION METHODS

A. General

Before beginning signal work, verify all existing signal equipment is in satisfactory working
order. Report all defective signal equipment to the Engineer so as not to be held responsible for
defects.

Do not remove and replace more than one controller and cabinet per day, unless otherwise
approved by the Engineer. Once controller and cabinet replacement has begun at a given location,
complete the removal and replacement work at that location before beginning removal and

replacement of a controller and cabinet at another location.

Locate existing conduit, cable runs, inductive detection loops, lead-in, junction boxes, and
detection equipment before installing or using equipment that can damage or interfere with such
. facilities. The locations of existing inductive detection loops shown are approximate.

Locate all underground utilities before beginning drilling, digging, or trenching operations.

Immediately cease work and notify the Engineer and affected owners if damage to existing
 utilities, cables, or equipment occurs. Make all required repairs and replacements at no additional

cost to the Department.
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Utilize IMSA Level II or above Technicians to perform all cabinet placement, cabinet wiring and
controller programming. Program the controllers and wire the cabinets according to the traffic signal
and electrical plans, unless otherwise directed by the Engineer.

At the end of each workday, clean and clear the work site of excess excavation, waste packing
material, wire, and all other debris that results from traffic signal system work. Haul and dispose of
all waste as required by Section 802 of the Standard Specifications.

B. Regulations and Codes

Furnish material and workmanship conforming to the NEC, NESC, UL, and all local safety
codes in effect on the date of advertisement. Comply with Article 4, Chapter 87 of the North
Carolina General Statutes (Licensing of Electrical Contractors). Comply with all regulations and
codes imposed by the owner of affected utility poles. Comply with NESC Part 2 if working within
the power space on utility poles. In the event of a conflict between the NEC, NESC, UL, local safety
codes in effect on the date of advertisement and these Specifications, the cited documents will

govern. _
Where required, conform to ITE, IEEE, AASHTO, and ASTM in effect on the date of
advertisement.
Notify the Engineer, local traffic enforcement agency, local utility company, and affected
railroad companies seven business days before operational shutdowns to coordinate connection or
disconnection to an existing utility or system.

Install standoffs, meter bases, and service disconnects as required by the NESC, NEC, local
utility companies, and local ordinances.

Fully comply with all City of Goldsboro local ordinances for working hours and noise levels.

C. Utility Services

Coordinate all work to ensure electrical power of proper voltage, phase, frequency, and ampacity
is available to complete the work. Use electrical services cables with THW insulation.

When electrical, telephone, and telecommunication service is not furnished by the Department
and is required, contact the utility company and make application to ensure all work can be
completed. Obtain authorization for service in the Department’s name and make apphcatlon for

service in the Department’s name.

The Department will be responsible for direct payment of monthly utility company usage
charges. The Contractor will be responsible for all expenses associated with utility installation costs,
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hookups, etc.

D. Maintenance and Repair of Material

Furnish the Engineer with the name, office telephone number, cellular (mobile) telephone
number, and pager number of the supervisory employee who will be responsible for maintenance
and repair of equipment during all hours. An up to date list of these names and phone numbers shall
be given to the Engineer. Any changes in personnel affecting this list shall be immediately

communicated to the Engineer in writing.

'Maintain and repair all signal and communications related equipment within the project
construction limits until completion of the observation period and receipt of written notification of
final acceptance of the project. Items reused (that are unmodified), such as signal heads, signal cable,
local detector loops and lead-in cable, will be maintained by others.

For all failures, malfunctions, or damages to equipment, begin necessary repairs within two
hours of notification. Complete repairs within four hours of notification. Comply with Section 150 of
the Standard Specifications for maintenance of traffic flow. The inability to contact the supervisory

employee or prearranged alternate will not extend repair time requirements.

Remove and replace all signal and communications related equipment that fails. The Department
will furnish the Contractor replacement equipment for Department-furnished equipment that fails.

Except for damages and malfunctions caused by the Contractor’s work activities, the Contractor
will not be held responsible for pre-existing conditions reported to the Engineer before starting
traffic signal work at the specific intersection. The Contractor will assume responsibility for all
maintenance and emergency services necessary once traffic signal work has begun at the specific
intersection and for all damages and malfunctions caused either directly or indiréct]y by the
Contractor’s work activities. Repair scratches, dents, or other damage to the cabinet that occur while

the cabinet is in under the Contractor’s responsibility.

In the event the Contractor fails to perform in accordance with the plans and Specifications
within the time frame specified, the Department reserves the right to perform maintenance and
_emergency service necessary to ensure continuous traffic signal operation. Further, all expenses
incurred by the Department in implementing this option will be deducted from payment due the

Contractor, plus $2,500 liquidated damage per occasion, per day, or any portion thereof, until

corrected.

Perform maintenance (testing) on all Traffic Signal Conflict Monitors every twelve (12) months
for the life of the project beginning with the initial test and every twelve (12) months thereafter.
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Provide the initial test date via the manufacturer’s certification or via testing prior to installation of
the conflict monitor at an intersection. Use the ATSI Incorporated Model PCMT-2600 Conflict
Monitor Tester, or an Engineer approved equivalent. Ensure that the Conflict Monitor Tester is
maintained and calibrated per the manufacturer’s recommendation. Provide to the Engineer a copy
of the manufacturer’s certification that the Conflict Monitor Tester is in proper working order before
testing the Traffic Signal Conflict Monitors. Perform the test on the Traffic Signal Conflict
Monitors per the manufacturer’s recommendation. For each Traffic Signal Conflict Monitor tested,
provide two (2) dated copies of the test results: submit one (1) copy to the Engineer and place one
(1) copy in the traffic signal cabinet.

Maintain traffic signal system equipment until completion of the 60-day Observation Period and
written notification of final acceptance of the project has been received from the Engineer.

E. Performance of Warranty Repair and Maintenance

Provide authorization to the City of Goldsboro to perform all warranty repairs after project
acceptance. The decision to perform warranty work at the Public Works facility by City technicians
or to have warranty work performed by the vendor shall be at the discretion of the State. Provide
any training required by the manufacturer to authorize the City to perform warranty work and ensure
manufacturer will furnish parts to the City for all warranty repairs at no cost to the City of
Goldsboro. In addition, ensure the manufacturer agrees to provide prompt technical support to the
City technicians for a period of one year after the end of the warranty period at no cost to the City of
Goldsboro. Defective parts replaced under warranty by the City will be returned to the vendor at the
vendor’s request. Provide schematics, part lists, and other documentation to perform bench repair to
the City within two weeks upon request. The City of Goldsboro agrees not to divulge any
proprietary information in the schematics, part lists, and other documentation upon request from the
vendor. After project acce'ptance and at the request of the City, manufacturer shall perform warranty
repairs to equipment which fails during the warranty period at no cost to the City of Goldsboro
including freight costs to ship repaired equipment back to the City. Ensure all equipment is repaired
and returned to the City within twenty-one calendar days of receipt by the manufacturer.

F. Inspections

The Department may access the Contractor’s equipment to perform railroad, signal, and
preventative maintenance inspections, or conflict monitor certification as necessary. The Contractor

shall be present for these inspections.

G. Removal of Existing Equipment and Material

Remove all Department-owned signals and communications related equipment and material that
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will not be used. Assume ownership of the removed poles, cabinet foundations, thessenger cable,
guy assemblies, interconnect cable, communications cable, and supporting hardware. Return all
other traffic signal equipment and material between 8:00 a.m. and 12:00 p.m., Monday through
Thursday, to the Division 4 Traffic Services Office, located at 509 Ward Boulevard in Wilson, or at
a time mutually agreed to by the Contractor and Engineer. Replace or repair all material lost or
damaged during its removal and transit. Label all returned equipment and material to indicate the

location from which it was removed.

Remove all City of Goldsboro owned signals and communications related equipment and
material that will not be reused. Assume ownership of the removed poles, cabinet foundations,
messenger cable, guy assemblies, interconnect cable, communications cable, and supporting
hardware. Return all other traffic signal equipment and material to the City Public Works facility
located at 1601 Clingman Street in Goldsboro, between 8:00 AM and 12:00 PM, Monday through
Thursday, or at a time mutually agréed to by the Contractor and the Signal System Manager. Replace
or repair all material lost or damaged during its removal and transit. Label all returned equipment

and material to indicate the location from which it was removed.

The Department will deduct the cost of Department-owned or City-owned equipment damaged
by the Contractor from money due to the Contractor.

H. Railroad Preemption
Where existing railroad preemption is present at signals, re-install preemption equipment in new

cabinets. Ensure preemption functions properly after construction at the signal.

L Emergency Vehicle Preemption Systems

Where required, implement and install emergency vehicle preemption systems. Coordinate
emergency vehicle preemption work with the proper operating authority. Contact the proper
operating authority and schedule installation of emergency vehicle preemption equipment.

J. Timing of Signals

Implement timing values for signal controllers. Extract all parameters necessary to implement
- coordinated signal operations from the existing controllers. Where applicable, request coordinated
timing parameters from the Engineer. Make any modifications to the cycle, split, and offset
information extracted from the existing controllers that are necessary to implement the timing plans
into the new 2070 controllers and system database. The Engineer may, at his/her option, observe the

loading of the timing plans.

Reinstall all existing time-based coordination. As directed, make modifications to existing
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coordination to account for changes in signal phasing.

The Department reserves the right to make, or have the Contractor make, field timing changes
necessary for pattern optimization and to eliminate identifiable, potential hazards to the motoring
public. The Engineer will notify the Contractor of timing changes made.

K. Wire and Cable
For installation in a conduit system, lubricate cable and wires before installing in conduit. Use
lubricant that will not physically or chemically harm cable jacket, wire insulation, and conduit.
Splice all electrical wire and cable at recessed-screw, barrier type terminal blocks, in junction
boxes, or in condulets. Unless specifically allowed, connect no more than two conductors to the

same terminal screw.
Maintain color coding of wires through splices.
Protect ends of wire and cable from water and moisture.
Install all wire and cable with necessary hardware including, but not limited to shoulder eyebolts,

washers, nuts, thimbleyelets, three-bolt clamps, J-hooks, split bolt connectors, grounding clamps,

and lashing material.
L. Grounding

Provide a grounding system at all new and revised electrical service points unless otherw1se
spec1ﬁed

In addition to NEC requirements, test grounding electrode resistance at connection point to
electrical service ground bus for a maximum of 20 ohms. Furnish and install additional ground rods

to grounding electrode system as necessary to meet test requirements. Submit a completed Inductive
Detection Loop & Grounding Test Results form. The form is located on the Department’s website at:

http://www.ncdot.gov/dob/preconstruct/traffic/ITSS/ws/signal data.xls

Provide a length of marker tape 6 to 12 inches below finished grade directly over grounding

electrodes and conductors.

M. Contractor’s Office

Throughout the project until final acceptance, the Contractor shall maintain full-time staffed
ofﬁce with storage and testing facilities within the Goldsboro City Limits.

N. Related Projects
The current US-70 Bypass project NCDOT TIP # R-2554BA) is installing new roadways, new
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traffic signals, and new fiber optic cables that are shown as “existing” on these Plans (see cable
routing sheets 127, 128, and 167). According to the Sequence of Construction in these Project
Special Provisions, the Contractor is not to begin any construction in these areas until project R-
2554BA has been completed. Coordinate with the Engineer on how to proceed if R-2554BA has not
" been completed and construction in these areas is on the critical path of the project schedule.

The City has general maintenance backlog work for public safety that will need to be continued
throughout the duration of this project. Coordinate with Engineer if construction is not complete for

actions to be taken until construction is complete.

0. Sequence of Construction

At the direction of the Engineer, install new messenger cable at the beginning of construction to
reserve spot on existing utility poles for fiber optic cable to be install under this project. Identify
fiber optic cable attachment location by installing communications cable ID markers on messenger

cable.

Perform construction of the project in the sequence called for in these Project Special Provisions
and as shown in the Plans. All work not performed in accord with the sequence of construction must
be approved by the Engineer. Adherence to the sequence of construction must be reflected in the
Contractor’s project schedule and all updates to the project schedule. As new intersections are
installed butare not under monitoring and supervision of the new central system, maintain common
controller clock time. Insure clock time is in synch with clock time of existing central software until
it is removed. All clocks that are updated shall be updated from a single clock source. Review each
intersection that has been installed but is not online on a weekly basis in the form of a field visit and
review the controller clock for drift against the common time source. Reset clock to common time
source if it has drifted. Record time and date of each visit, activity performed, and person
performing visit. Maintain of clock maintenance activity in a single document and furnish to the
Engineer for review upon request. Failure to visit each intersection that is not online to check and
update clocks will result in a liquidated damage of $1,500 per visit not performed.

As shown on the Sequence of Construction Detail in the Plans, the areas of interest have been
defined a Zone. Zone A includes traffic signals that are part of existing NCDOT closed lloop
systems. Zone B includes traffic signals that are part of the US-70 Bypass construction project.

Construction at Zone A traffic signals may be completed at any time during this project, but with
minimal disruption to the existing signal sy‘stem'operations. After taking down an existing
communication channel, the contractor must complete all construction for traffic signals in that
channel in a time period no greater than one day per traffic signal in that channel.
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Construction at Zone B traffic signals shall be completed lastly, pending completion of the US-
70 Bypass project. After taking down an existing communication channel, the contractor must
complete all construction for traffic signals in that channel in a time period no greater than one day

per traffic signal in that channel.
All traffic signals not in Zone A or Zone B may be completed at any time during this project.

Construction at CCTV and other non-signal locations may be completed at any time during this

project.

P. Electrical Requirements

All electrical equipment shall conform to the applicable standards of the National Electrical
Manufacturers Association (NEMA), the Electronic Industries Association (EIA), the International
Municipal Signal Association (IMSA), the Rural Electrification Administration (REA), the National
Electric Code (NEC), the National Electrical Safety Code (NESC), the Telecommunications Industry
Association (TIA), and Underwriters Laboratories (UL).

Furnish materials and workmanship conforming to the latest requirements of the Standards of the
American Society for Testing and Materials (ASTM); American National Standards Institute
(ANSI); and all local ordinances and regulations.

Q. Requirements for Cables Crossing Railroads
Copies of all executed railroad agreements and related correspondence may be obtained from the

Resident Engineer.

Q.1. Railroad Crossings

Do not commence cable routings over or under railroad-owned facilities until notification and
coordination with Engineer and the appropriate railroad company has occurred. All affected railroad
facilities on this project are listed below and owned by North Carolina Railroad Company (NCRR)
and operated by Norfolk Southern Railway Company (NSRC) or CSX Transportation (CSXT).
Install fiber optic communications cable as shown on the plans.

Encroachment Near Agency Route
Grantham St. CSXT Overhead Crossing
2 | George St. Vine St. NSRC | Underground Crossing
3 | US-117 | Brick St. NSRC Underground Crossing
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Encroachment Near Agency Route
Wayne Memorial )

4 Herman St. NSRC Overhead Crossing
Blvd.

5 | Berkeley St. Royall Ave. NSRC Overhead Crossing

Q.2. Norfolk Southern Requirements for Insurance

In addition to any other forms of insurance or bonds required under the terms of the contract and
specifications, the Prime Contractor will be required to provide coverage conforming to the
requirements of the Federal-Aid Policy Guide outlined under 23 CFR 646A for all work to be
performed on Railroad right(s) of way by carrying insurance of the following kinds and amounts:

Q2.1.  Contractor’s Commercial General Liability Insurance

The Contractor shall furnish an original and one copy of the certificate of insurance and one
certified copy of the policy to the Department as evidence that, with respect to the operations he
performs on railroad right of way, be carries regular Commercial General Liability Insurance having
a combined single limit of not less than $2,000,000 per occurrence for all loss, damage, cost and
expense, including attorneys' fees, arising out of bodily injury liability and property damage liability
during the policy period. Said policy shall include explosion, collapse, and underground hazard
(XCU) coverage, shall be endorsed to name Railroad specified in item Q.2.2.C below as an
additional insured, and shall include a severability of interests provision.

Q.2.2. Railroad Protective Liability Insurance

The Contractor shall furnish to the Department an original and one duplicate of the Railroad
Protective Liability Insurance having a combined single limit of not less than $2,000,000 each
occurrence and $6,000,000 in the aggregate applying separately to each annual period. If the project
involves track over which passenger trains operate, the insurance limits required are not less than a
combined single limit of $5,000,000 each occurrence and $10,000,000 in the aggregate applying
separately to each annual period. Said policy shall provide coverage for all loss, damage or expense
arising from bodily injury and property damage liability, and physical damage to property attributed
to acts or omissions at the job site.

The standards for the Railroad Protective Liability Insurance are as follows:
a. The insurer must be rated A- or better by A.M. Best Company, Inc.

b. The policy must be written using one of the following cdmbinations of Insurance Services
Office (“ISO”) Railroad Protective Liability Insurance Form Numbers:
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(1) CGO00350196and CG 2831 10 93; or
2) CGO00350798 and CG 28 31 07 98; or
3) CG00351001;0r
4 CGO00351204.
c. The named insured shall read:
Norfolk Southern Railway Company
Three Commercial Place
Norfolk, Virginia 23510-2191
Attn: Scott Dickerson, Risk Management

d. The description of operations must appear on the Declarations, must match the project
description in this agreement, and must include the appropriate Department project and contract

identification numbers.
The Description and Designation shall read:

Installation of fiber optic cable over/under tracks in Wayne County, North Carolina, UU-5016.

e. The job location must appear on the Declarations and must include the city, state, and

appropriate highway name/number.
f. The name and address of the prime contractor must appear on the Declarations.

g. The name and address of the Department must be identified on the Declarations as the
“Involved Governmental Authority or Other Contracting Party |

h. Other endorsements/forms that will be accepted are:
@) Broad Form Nuclear Exclusion — Form IL 00 21
(2)  30-day Advance Notice of Non-renewal or cancellation
(3) 60- day written notice be given the Department prior to cancellation or change
()  Quick Reference or Index Form CL/IL 240
i. Endorsements/forms that are NOT acceptable are:
(1)  Any Pollution Exclusion Endorsement except CG 28 31
(2)‘ Any Punitive or Exemplary Damagés Exclusion
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3) Known injury or Damage Exclusion form CG 00 59
(4)  Any Common Policy Conditions form

(5) Any other endorsement/form not specifically authorized in item h above.

If any part of the work is sublet, similar insurance, and evidence thereof as specified in A.1
above, shall be provided by or on behalf of the subcontractor to cover its operations on Railroad’s
right of way. As an alternative, the Prime Contractor may provide insurance for the subcontractor by

means of separate and individual policies.

Prior to entry on Railroad right-of-way, the original and one duplicate copy of the Railroad
Protective Liability Insurance Policy shall be submitted by the Prime Contractor to the Department
at the address below for its review and transmittal to the Railroad. In addition, certificates of
insurance evidencing the Prime Contractor’s Commercial General Liability Insurance shall be issued
to the Railroad and the Department at the addresses below, and one certified copy of the Prime
Contractor’s policy is to be forwarded to the Department for its review and transmittal to the
Railroad. All policies and certificates of insurance shall state that the insurance coverage will not be
suspended, voided, canceled, or reduced in coverage or limits without (30) days advance written
notice to Railroad and the Department. No work will be permitted by Railroad on its right-of-way
until it has reviewed and approved the evidence of insurance required herein.

' DEPARTMENT:
Department of Transportation
Rail Division
c/o Mr. David Hinnant, State Railroad Agent
1556 Mail Service Center
Raleigh, NC 27699-1556

RAILROAD:

Mr. Scott Dickerson

Risk Management

Norfolk Southern Railway Company
Three Commercial Place

Norfolk, Virginia 23510-2191
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The insurance required herein shall not limit the obligations of Department or its Contractors

under the terms of this agreement.

All insurance herein before specified shall be carried until the final inspection and acceptance of
the project, or that portion of the project within railroad right of way, by the Department or, in the
case of subcontractors, until the Contractor furnishes a letter to the Engineer stating that the
subcontractor has completed his subcontracted work within railroad right of way to the satisfaction
of the Contractor and that the Contractor will accomplish any additional work necessary on railroad
right of way with his own forces. It is understood that the amounts specified are minimum amounts
and that the Contractor may carry insurance in larger amounts if he so desires. As to "aggregate
limits", if the insurer establishes loss reserves equal to or in excess of the aggregate limit specified in
any of the required insurance policies, Contractor shall immediately notify the Department of
Transportation and shall cease all operations until the aggregate limit is reinstated. If the insurer
establishes loss reserves equal to or in excess of one/half of the aggregate limit, Contractor shall
arrange to restore the aggregate limit to at least the minimum amount stated in these requirements.
Any insurance policies and certificates taken out and furnished due to these requirements shall be
approved by the Department and the Railroad Company as to form and amount prior to beginning

work on railroad right of way.

Q.2.3. Failure to Comply

In the event the Contractor violates or fails to comply with any of the requirements of these

Special Provisions:
(l) - The Railroad Engineer may require that the Contractor vacate Railroad property.
(2)  The Engineer may withhold all monies due the Cohtré.ctor on monthly statements.

Any such orders shall remain in effect until the Contractor has remedied the situation to the

satisfaction of the Railroad Engineer and the Engineer.

Q.24. Payment for Cost of Compliance

No separate payment will be made for any extra cost incurred on account of compliance with-
these special provisions. All such cost shall be included in prices bid for other items of the work as

specified in the payment items.

Q.3. CSX Requirements for Insurance

In addition to any other forms of insurance or bonds required under the terms of the contract
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and specifications, the Prime Contractor will be required to carry insurance of the following

kinds and amounts:

Q3.1. Contractor’s Commercial General Liability Insurance

The Contractor shall procure and maintain, at its expense, an original and one certified copy

of the policy to the Department as evidence of:

a. Statutory Worker’s Compensation and Employers Liability Insurance with available
limits of not less than $1,000,000, which insurance must contain a waiver of
subrogation against CSXT and its Affiliates

b | Commercial General Liability coverage (inclusive of contractual liability) with
available limits of not less than $3,000,000 in combined single limits for bodily injury
and property damage and covering the contractual liabilities assumed under this

Agreement

c.  Business automobile liability insurance with available limits of not less than $500,000
combined single limit for bodily injury and/or property damage per occurrence

d. Such other insurance as CSXT may reasonably require.

Upon request, Licensee shall provide CSXT with a copy of Licensee’s applicable insurance
policies. A policy endorsement naming CSXT as an additional insured and specifying such
coverage shall be furnished to CSXT, and the required coverage will be kept in force until all of
the licensee’s obligations under this Agreement have been fully discharged and fulfilled, or until
Licensee shall have been specifically released by a written instrument signed by an authorized
officer of CSXT. Licensee shall also provide CSXT with a copy of the insurance policies.

.The insurance policies shall provide that the insurance carrier must give CSXT notice at least
thirty (30) days in advance of cancellation of coverage, of any change in coverage, or of
cancellation of the policy. Notwithstanding any provisions of this Section, the liability assumed
by Licensee shall not be limited to the required insurance.

Q.3.2. Railroad Protective Liability Insurance ,
The Contractor shall furnish to the Department an original and one duplicate of the Railroad
Protective Liability Insurance Policy to protect CSXT in connection with operations to be
performed on or adjacent to CSXT right of way. The specifications for proper evidence of

insurance are as follows:

a) The Insurer must be financially stable and rated A- or better in A. M. Best Insurance
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Reports.

b) The policy must be wriften using the ISO/RIMA Form of Railroad Protective
Insurance - Insurance Services Office (ISO) Form CG 00 35.

c) Named Insured and Address:
CSX Transportation, Inc.
Risk Management (C- 907)
500 Water Street
Jacksonville, FL. 32202
d) Limits of Liability: $5,000,000 per occurrence, $10,000,000 annual aggregate

required. |
e) Name and Address of Contractor must be shown on the Declarations page.
) Name and Address of the Project Sponsor must be shown on the Declarations page.

Description of operations must appear on the Declarations page and must match the project

description, including project or contract identification numbers.
The Description and Designation shall read:

Installation of fiber optic cable over/under tracks in Wayne County, North Carolina, U-5016.

Authorized endorsements:

A. Must

1) Pollution Exclusion Amendment - CG 28 31
(Not required with CG 00 35 01 96 and newer versions)

2) Delete Common Policy Conditions — Section E. Premiums
B_. Acceptable |

1) Broad Form Nuclear Exclusion - IL 00 21

2) 30-day Advance Notice of Non-renewal

3) Required State Cancellation Endorsement

4) Quick Reference or Index - CL/IL 240

~ C. Unacceptable
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1) Any Pollution Exclusion Endorsement except CG 28 31
2) Any Punitive or Exemplary Damages Exclusion

3) Any endorsement not named in A or B

4) Any type of deductible policy

You must submit the original policy, via the Department of Transportation, for our approval

and filing prior to the commencement of construction or demolition operations.

Prior to entry on CSXT right-of-way, the original Railroad Protective Liability Insurance
Policy shall be submitted by the Prime Contractor to the Department at the address below for its
review and transmittal to CSXT. In addition, certificates of insurance evidencing the Prime
Contractor’s Commercial General Liability Insurance shall be “issued” to CSXT and the
Department at the addresses below, and forwarded to the Department for its review and
transmittal to CSXT. No work will be permitted by CSXT on its right-of-way until it has
reviewed and approved the evidence of insurance required herein.

DEPARTMENT: RAIJLROAD:

Department of Transportation CSX Transportation, Inc.
Rail Division Risk Management (C-907)
C/0 David Hinnant, State Railroad Agent 500 Water Street

1556 Mail Service Center Jacksonville, FL 32202

Raleigh NC 27699-1556

The insurance required herein shall in no way serve to limit the liability of Department or its

Contractors under the terms of this agreement.

Q.3.3. Failure to Comply

In the event the Contractor violates or fails to comply with any of the requirements of these

Special Provisions:
(1) The Railroad Engineer may require that the Contractor vacate Railroad property.
(2) - The Engineer may withhold all monies due the Contractor on monthly statements.

Any such orders shall remain in effect until the Contractor has remedied the situation to the

satisfaction of the Railroad Engineer and the Engineer.
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Q34. Payment for Cost of Compliance
No separate payment will be made for any extra cost incurred on account of compliance with
these special provisions. All such cost shall be included in prices bid for other items of the work as

specified in the payment items.

Q.4. Delays Caused By Operations of Others

Neither the Department of Transportation nor the Railroad Company assumes any responsibility
for any work performed by others in connection with the construction of the project, and the
Contractor shall have no claim whatsoever against the Department of Transportation, or the Railroad
Company for any inconvenience, delay, or additional cost incurred by him on account of such

operations by others.

Q.5. Cooperation with Others
Cooperate with others participating in the construction of the project to the end that all work may

be carried on to the best advantage.

Q.6. Authority of Railroad Engineer _
The authorized representative of the Railroad Company hereinafter referred to as the Railroad
Engineer, shall have the final authority in all matters affecting the safe maintenance of railroad

traffic of his company.

Q.7. Interference with Railroad Operations

Arrange and conduct work so that there will be no interference with railroad operations,
including train, signal, telephone and telegraphic services, or damage to the property of the Railroad
Company or to the poles, wire, and other facilities of tenants on the rights of way of the Railroad
Company. Wherever work is liable to affect the operations or safety of trains, the method of doing
such work shall first be submitted to the Railroad Engineer for approval, but such approval shall not
relieve the Contractor from liability.

Should conditions arising from or in connection with the work, require that immediate and
unusual provisions be made to protect train operations and pi‘operty of the Railroad Company, it
shall be a part of the required services by the Contractor to make such provisions and if, in the
judgment of the Railroad Engineer such provisions is insufficient, the Railroad Engineer or the
Department of Transportation, may at the expense of the Contractor, require or provide such
provisions as may be deemed necessary. ‘

Q.8. Storage of Materials

Materials and equipment shall not be stored where they will interfere with railroad operations,
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nor on the rights of way of the Railroad Company without first having obtained permission from the
Railroad Engineer, and such permission will be with the understanding that the Railroad Company
will not be liable for damage to such material and equipment from any cause and that the Railroad
Engineer may move or require the Contractor to move, at the Contractor’s expense, such material

and equipment.

Q.9. Flagging Protection or Watchman Service

The Contractor shall give 72 hours advance notice to the Railroad Company in order that
flagging service can be arranged and provided. No work shall be undertaken until the flagman is at
the job site.

Q.10. Completion and Acceptance of Work

Upon completion of the work, remove from within the limits of the railroad right of way all
machinery, equipment, surplus materials, or rubbish and leave said rights of way in a neat and
orderly condition. After the final inspection has been made and work found to be completed in a
'.satisfactory manner acceptable to the Department of Transportation and the Railroad Company, the
Department of Transportation will be notified of the Railroad Company’s acceptance in writing by
the Railroad Company.

R. Requirements for Historic Areas

As shown in the Plans, some work will be conducted within areas determined to contain
properties with documented historic significance. If it is necessary to deviate from the Plans in these
areas, alert the Engineer to contact Project Development And Environmental Analysis Branch-
Historic Architecture Group of the North Carolina Department of Transportation for an effects

determination before proceeding.

S. Requirements for Priority Traffic Signal Construction
The Contractor shall perform the traffic signal upgrade for the intersection of US 13-117 at SR
1926 (inventory number 04-0403) as shown in the Plans on a priority basis.

1.4. MEASUREMENT AND PAYMENT

There will be no direct payment for work covered in this section. Payment at the contract unit
prices for the various items in the contract will be full compensation for all work covered by this

section.
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2. MOBILIZATION
2.1. DESCRIPTION

This work consists of preparatory work and operations to mobilize personnel, materials and

equipment to the project site.
22. MEASUREMENT AND PAYMENT
Mobilization will be paid for as contract lump sum price.

Partial payments for mobilization will be made with the first and second partial pay estimates
paid on the contract, and will be made at the rate of 50% lump sum price on each of these partial pay
estimates, provided the amount bid for mobilization does not exceed 5 percent of the total amount
bid for the contract. Where the amount bid for the item of mobilization exceeds 5 percent of the total
amount bid for the contract, 2 1/2 percent of the total amount bid will be paid on each of the first two
partial pay estimates, and that portion exceeding 5 percent will be paid on the last partial pay
estimate.

Such price and payment includes but is not limited to the movement of personnel, equipment,
supplies, and incidentals to the project site, for the establishment of offices, buildings, and other
facilities necessary for work on the project; the removal and disbandment of those personnel, ‘
equipment, supplies, incidentals, or other facilities that were established for the prosecution of work
on the project; and for all other work and operations that shall be performed for costs incurred prior
to beginning work on the various items on the project site.

Payment will be made under:

IVIODIHZALON e eseseeseseseesessseesmmmmsesesssesssessesesssssesseeeseesesseseeemesesesesssen Lump Sum
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3. SIGNAL HEADS
3.1. DESCRIPTION

Fumish and install vehicle and pedestrian Light Emitting Diode (LED) signal heads, visors,
interconnecting brackets, wire entrance fittings, mounting assemblies, signal cable, lashing wire,
pedestrian push buttons, R10-3B pedestrian push button signs, grounding systems, and all necessary
hardware in accordance with the plans and specifications.

3.2. MATERIALS

Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL by the date of equipment installation.

A. General

Fabricate vehicle signal head housings and end caps from die-cast aluminum. Fabricate 12-inch
and 16-inch pedestrian signal head housings and end caps from die-cast aluminum. Fabricate 9-inch
pedestrian signal head housings, end caps, and visors from virgin polycarbonate material. Provide
visor mounting screws, door latches, and hinge pins fabricated from stainless steel. Provide interior
screws, fasteners, and metal parts fabricated from stainless steel or corrosion resistant material.

Fabricate tunnel and traditional visors from sheet aluminum.

Paint all surfaces inside and outside of signal housings and doors. Paint outside surfaces of
tunnel and traditional visors, messenger cable mounting assemblies, pole and pedestal mounting
assemblies, and pedestrian pushbutton housings. Have electrostatically-applied, fused-polyester
paint in highway yellow (Federal Standard 595A, Color Chip Number 13538) a minimum of 2.5 to
" 3.5 mils thick. Do not apply paint to the latching hardware or rigid vehicle signal head mounting
brackets for mast-arm attachments.

Have the interior surfaces of tunnel and traditional visors painted an alkyd urea black synthetic
baking enamel with a minimum gloss reflectance and meeting the requirements of MIL-E-10169,
“Enamel Heat Resisting, Instrument Black.”

For pole mounting, provide side of pole mounting assemblies with framework and all other
hardware necessary to make complete, watertight connections of the signal heads to the poles and
pedestals. Fabricate the mounting assemblies and frames from aluminum with all necessary
hardware, screws, washers, etc. to be stainless steel. Provide mounting fittings that match the
positive locking device on the signal head with the serrations integrally cast into the brackets.

22 print date: 02/23/09




U-5016 Goldsboro Signal System 4 65
Intelligent Transportation Systems Section

Provide upper and lower pole plates that have a 1 “4-inch vertical conduit entrance hubs with the
hubs capped on the lower plate and 1 Y5-inch horizontal hubs. Ensure that the assemblies provide
rigid attachments to poles and pedestals so as to allow no twisting or swayirig of the signal heads.
Ensure that all raceways are free of sharp edges and protrusions, and can accommodate a minimum
of ten Number 14 AWG conductors.

For pedestal mounting, provide a post-top slipfitter mounting assembly that matches the positive
locking device on the signal head with serrations integrally cast into the slipfitter. Provide stainless
steel hardware, screws, washers, etc. Provide a minimum of six 3/8 X 3/4-inch long square head
bolts for attachment to pedestal. Provide a center post for multi-way slipfitters.

For light emitting diode (LED) traffic signal modules, provide the following requirements for
inclusion on the Department’s Qualified Products List for traffic signal equipment.
1. Sample submittal,

2. Third-party independent laboratory testing results for each submitted module with evidence of
testing and conformance with all of the Design Qualification Testing specified in section 6.4 of each
of the following Institute of Transportation Engineers (ITE) specifications:

—e Vehicle Traffic Control Signal Heads — Light Emitting Diode (LED) Circular Signal
Supplement

~-e  Vehicle Traffic Control Signal Heads — Light Emitting Diode (LED) Vehicle Arrow
Traffic Signal Supplement

e Pedestrian Traffic Control Signal Indications — Part 2: Light Emitting Diode (LED)
Pedestrian Traffic Signal Modules.

VTCSH Circular Supplement. (Note: The Department currently recognizes two approved
independent testing laboratories. They are Intertek ETL Semko and Light Metrics, Incorporated with
Garwood Laboratories. Independent laboratory tests from other laboratories may be considered part
of the QPL submittal at the discretion of the Department,

3. Evidence of conformance with the requirements of these specifications,
4. A manufacturer’s warranty statement in accordance with the required warranty, and

5. Submittal of manufacturer’s design and production documentation for the model, including
‘but not limited to, electrical schematics, electronic component values, proprietary part numbers, bill
of materials, and prodﬁéﬁ;(";ﬁqeleétrical and photometric test parameters.

In addition to meeting the performance requirements for the minimum period of 60 months,
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provide a written warranty against defects in materials and workmanship for the modules for a
period of 60 months after installation of the modules. During the warranty period, the manufacturer
must provide replacement modules within 45 days of receipt of modules that have failed at no cost to
the State. Provide manufacturer’s warranty documentation to the Department during evaluation of
product for inclusion on the Qualified Products List (QPL).

B. Vehicle Signal Heads
Comply with the ITE standard “Vehicle Traffic Control Signal Heads”. Provide housings with

provisions for attaching backplates.

Provide visors that are 8 inches in length for 8-inch vehicle signal head sections. Provide visors
that are 10 inches in length for 12-inch vehicle signal heads.

Provide a termination block with one empty terminal for field wiring for each indication plus one
empty terminal for the neutral conductor. Have all signal sections wired to the termination block. '
Provide barriers between the terminals that have terminal screws with a minimum Number 8 thread
size and that will accommodate and secure spade lugs sized for a Number 10 terminal screw.

Mount termination blocks in the yellow signal head sections on all in-line vehicle signal heads.
Mount the termination block in the red section on five-section vehicle signal heads.

Furnish vehicle signal head interconnecting brackets. Provide one-piece aluminum brackets less
than 4.5 inches in height and with no threaded pipe connections. Provide hand holes on the bottom
of the brackets to aid in installing wires to the signal heads. Lower brackets that carry no wires and
are used only for connecting the bottom signal sections together may be flat in construction. |

For messenger cable mounting, provide messenger cable hangers, wire outlet bodies, balance
adjusters, bottom caps, wire entrance fitting brackets, and all other hardware necessary to make
complete, watertight connections of the vehicle signal heads to the messenger cable. Fabricate
mounting assemblies from malleable iron or steel and provide serrated rings made of aluminum.
Provide messenger cable hangers and balance adjusters that are galvanized before being painted.
~ Fabricate balance adjuster eyebolt and eyebolt nut from stainless steel or galvanized malleable iron.

Provide messenger cable hangers with U-bolt clamps. Fabricate washers, screws, bolts, clevis pins,

cotter pins, nuts, and U-bolt clamps from stainless steel.

For mast-arm mounting, provide rigid vehicle signal head mounting brackets and all other
hardware necessary to make complete, watertight connections of the vehicle signal heads to the mast
arms and to provide a means for vertically adjusting the vehicle signal heads to proper alignment.
Fabricate the mounting assemblies from malleable iron or aluminum, and provide serrated rings

24 _ print date: 02/23/09



U-5016 Goldsboro Signal System ~ 67

Intelligent Transportation Systems Section

made of aluminum.

Provide LED vehicular traffic signal modules (hereafter referred to as modules) that consist of an
assembly that uses LEDs as the light source in lieu of an incandescent lamp for use in traffic signal
sections. Use LEDs that are aluminum indium gallium phosphorus (AlInGaP) technology for red and
yellow indications and indium gallium nitride (InGaN) for green indications. Install the ultra bright
type LEDs that are rated for 100,000 hours of continuous operation from -40°F to +165°F. Design
modules to have a minimum useful life of 60 months and to meet all parameters of this specification

during this period of useful life.
For the modules, provide spade terminals crimped to the lead wires and sized for a #10 screw

connection to the existing terminal block in a standard signal head. Do not provide other types of
crimped terminals with a spade adapter.

Ensure the power supply is integral to the module assembly. On the back of the module,
permanently mark the date of manufacture (month & year) or some other method of identifying date

of manufacture.
Tint the red, yellow and green lenses to correspond with the wavelength (chromaticity) of the
LED. Transparent tinting films are unacceptable. Provide a lens that is integral to the unit with a

smooth outer surface.

B.1. LED Circular Signal Modules

Provide modules in the following configurations: 12-inch circular sections, and 8-inch circular
sections. All makes and models of LED modules purchased for use on the State Highway System
shall appear on the current NCDOT Traffic Signal Qualified Products List (QPL).

Provide the manufacturer’s model number and the product number (assigned by the Department)
for each module that appears on the 2006 or most recent Qualified Products List. In addition, provide
manufacturer’s certification in accordance with Article 106-3 of the Standard Specifications, that
each module meets or exceeds the ITE “Vehicle Traffic Control Signal Heads — Light Emitting
Diode (LED) Circular Signal Supplement” dated June 27, 2005 (hereafter referred to as VTCSH
Circular Supplement) and other requirements stated in this specification. |

Provide modules that meet the following requirements when tested under the procedures outlined
in the VTCSH Circular Supplement:
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Module Type Max. Wattage at 165° F | Nominal Wattage at 77° F
12-inch red circular 17 11

8-inch red circular 13 8

12-inch green circular | 15 15

8-inch green circular 12 12

For yellow circular signal modules, provide modules tested under the procedures outlined in the
VTCSH Circular Supplement to insure power required at 77° F is 22 Watts or less for the 12-inch
circular module and 13 Watts or less for the 8-inch circular module.

Note: Use a wattmeter having an accuracy of £1% to measure the nominal wattage and
maximum wattage of a circular traffic signal module. Power may also be derived from voltage,

current and power factor measurements.

B.2. LED Arrow Signal Modules

Provide 12-inch omnidirectional arrow signal modules. All makes and models of LED modules
purchased for use on the State Highway System shall appear on the current NCDOT Traffic Signal
Qualified Products List (QPL).

Provide the manufacturer’s model number and the product number (assigned by the Department)
for each module that appears on the 2006 or most recent Qualified Products List. In addition, provide
manufacturer’s certification in accordance with Article 106-3 of the Standard Specifications, that
each module meets or exceeds the requirement for 12-inch omnidirectional modules specified in the
ITE “Vehicle Traffic Control Signal Heads — Light Emitting Diode (LED) Vehicle Arrow Traffic
Signal Supplement” dated July 1, 2007 (hereafter referred to as VTCSH Arrow Supplement) and
other requirements stated in this specification.

Provide modules that meet the following requirements when tested under the procedures outlined
in the VTCSH Arrow Supplement:

Module Type - | Max. Wattage at 165° F | Nominal Wattﬁge at 77°F
12-inch red circular 12 ' 9
12-inch green circular | 11 11
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For yellow arrow signal modules, provide modules tested under the procedures outlined in the
VTCSH Arrow Supplement to insure power required at 77° F is 22 Watts or less.

Note: Use a wattmeter having an accuracy of £1% to measure the nominal wattage and
maximum wattage of a circular traffic signal module. Power may also be derived from voltage,

current and power factor measurements.

C. Pedestrian Signal Heads:
Provide pedestrian signal heads with international symbols that meet the MUTCD. Do not

provide letter indications.

Comply with the ITE standard for “Pedestrian Traffic Control Signal Indications” and the
following sections of the ITE standard for “Vehicle Traffic Control Signal Heads” in effect on the

date of advertisement:
e Section 3b.00 - “Physical and Mechanical Requirements”
e Section 4.01 - “Housing, Door, and Visor: General”
o Section 4.04 — “Housing, Door, and Visor: Materials and Fabrication”
e Section 7.00 - “Exterior Finish”

Provide a double-row termination block with three empty terminals and number 10 screws for
field wiring. Provide barriers between the terminals that accommodate a spade lug sized for number
10 terminal screws. Mount the termination block in the hand section. Wire all signal sections to the

terminal block.

Where required by the plans, provide 16-inch pedestrian signal heads with traditional three-
sided, rectangular visors, 6 inches long. Where required by the plans, provide 12-inch pedestrian
signal heads with tra_ditional three-sided, rectangular visors, 8 inches long.

Design the LED pedestrian traffic signal modules (hereafter referred to as modules) for
installation into standard pedestrian traffic signal sections that do not contain the incandescent signal
section reflector, lens, eggcrate visor, gasket, or socket. Provide modules that consist of an assembly
that uses LEDs as the light source in lieu of an incandescent lamp. Use LEDs that are aluminum
indium gallium phosphorus (AllnGaP) technology for the Portland Orange hand and countdown
displays. Use LEDs that are of the latest indium gallium nitride (InGaN) technology for the Lunar

. White walking man displays. Install the ultra bright type LEDs that are rated for 100,000 hours of
continuous operation from -40°F to +165°F. Design modules to have a minimum useful life of 60
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months and to meet all parameters of this specification during this period of useful life.

Provide modules in the following configuration: 16-inch displays which have the solid
hand/walking man overlay on the left and the countdown on the right, and 12-inch displays which
have the solid hand/walking man module as an overlay. All makes and models of LED modules
purchased for use on the State Highway System shall appear on the current NCDOT Traffic Signal
Qualified Products List (QPL).

Provide the manufacturer’s model number and the product number (assigned by the Department)
for each module that appears on the 2006 or most recent Qualified Products List. In addition, provide
manufacturer’s certification in accordance with Article 106-3 of the Standard Specifications, that
each module meets or exceeds the ITE “Pedestrian Traffic Control Signal Indications — Part 2: Light
Emitting Diode (LED) Pedestrian Traffic Signal Modules™ dated March 19, 2004 (hereafter referred
to as PTCSI Pedestrian Standard) and other requirements stated in this specification.

Design all modules to operate using a standard 3 - wire field installation. Provide spade terminal
crimped to the lead wires and sized for a #10 screw connection to the existing terminal block in a
standard pedestrian signal housing. Do not provide other types of crimped terminals with a spade
adapter.

Ensure the power supply is integral to the module assembly. On the back of the module,
permanently mark the manufacture (month & year) or some other method of identifying date of

manufacture.

Provide module lens that is hard coated or otherwise made to comply with the material exposure
- and weathering effects requirements of the Society of Automotive Engineers (SAE) J576. Ensure all
- exposed components of the module are suitable for prolonged exposure to the environment, without
appreciable degradation that would interfere with function or appéarance.

Design the walking man and hand as a solid display. Ensure the hand/walking man symbols for
the 16-inch display modules meet the dimension requirements cited in PTCSI Pedestrian Standard
Table 1 “Dimensions of Signal Sizes” for Class 3 or Class 4. Ensure the hand/walking man symbols
fof the 12-inch display module meet the dimension requiréments cited in PTCSI Pedestrian Standard
Table 1 “Dimensions of Signal Sizes” for Class 2.

Provide the countdown number display that is at least 9 inches high by 6 inches wide. Ensure the
minimum luminance value for the countdown number display is 1,400 cd/m?. Provide the
countdown number display that will conform to the chromaticity requirements of the hand symbol as
spéciﬁed by section 4.2 (Chromaticity) of the PTCSI Pedestrian Standard.
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Furnish the countdown display to continuously monitor the traffic controller to automatically
learn the pedestrian phase time and update for subsequent changes to the pedestrian phase time.
Design the countdown display as a double row of LEDs or with a minimum thickness of 0.5 inch.
Ensure the countdown display blanks-out during the initial cycle while it records the countdown
time. Ensure that the countdown display is operational only during the flashing don’t walk, clearance
interval. Blank-out the countdown indication after it reaches zero and until the beginning of the next

flashing don’t walk indication. Design the controlling circuitry to prevent the timer from being
triggered during the solid hand indication.

Provide modules that meet the following requirements when tested under the procedures outlined
in the PTCSI Pedestrian Standard: |

Module Type Max. Wattage at 165° F | Nominal Wattage at 77° F
Hand Indication 16 13

| Walking Man Indication | 12 9
Countdown Indication 16 13

Note: Use a wattmeter having an accuracy of +1% to measure the nominal wattage and
maximum wattage of a pedestrian signal module. Power may also be derived from voltage, current

and power factor measurements.

Provide 2-inch diameter pedestrian push-buttons with weather-tight housings fabricated from
die-cast aluminum and threading in compliance with the NEC for rigid metal conduit. Provide a
weep hole in the housing bottom and ensure that the unit is vandal resistant.

Provide push-button housings that are suitable for mounting on flat or curved surfaces and that
will accept 1/2-inch conduit installed in the top. Provide units that have a heavy duty push-button
assembly with a sturdy, momentary, normally-open switch. Have contacts that are electrically
insulated from the housing and push-button. Ensure that the push-buttons are rated for a minimum of
5 mA at 24 volts DC and 250 mA at 12 volts AC.

Provide standard R10-3 signs with mounting hardware that comply with the MUTCD in effect
on the date of advertisement. Provide R10-3E signs for countdown pedestrian heads and R10-3B for

non-countdown pedestrian heads.

D. Signal Cable
Furnish 16-4 and 16-7 signal cable that complies with IMSA specification 20-1 except provide
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the following conductor insulation colors:
e For 16-4 cable: white, yellow, red, and green

e For 16-7 cable: white, yellow, red, green, yellow with black stripe tracer, red with black
stripe tracer, and green with black stripe tracer. Apply continuous stripe tracer on
conductor insulation with a longitudinal or spiral pattern.

Provide a ripcord to allow the cable jacket to be opened without using a cutter. IMSA
specification 19-1 will not be acceptable. Provide a cable jacket labeled with the IMSA specification
number and provide conductors constructed of stranded copper.

3.3. CONSTRUCTION METHODS

A. General
Bag new vehicle signal heads with burlap bags or bags made of nonripping material specifically
designed for covering signal heads until the signal heads are placed in operation.

When new signal heads are placed into operation, immediately bag and remove signals heads

that are not to be reused.

Vertically and horizontally adjust each signal head so that light output will be of maximum
effectiveness for the traffic. Do not tilt signal heads forward.

Reposition signal heads as required for various construction phases.
B. Vehicle Signal Heads

Install vehicle signal heads at the heights required in the North Carolina Supplement to the
- MUTCD in effect on the date of advertisement.

Where vehicle signal heads are installed on messenger cable, install mounting hardware
consisting of a messenger cable hanger, balance adjuster, bottom cap, wire entrance fitting bracket,

and insulating bushings.

Where vehicle signal heads are installed on mast arms, install mounting hardware consisting of

rigid vehicle signal head mounting brackets.

 Install signal cable in continuous lengths between signal controller cabinets and signal heads.
Route signal cable to minimize the length of cable installed, and the number of cables and
conductors in each run. Pull 36 inches of additional signal cable into controller cabinets. Do not

install more than six signal heads on one neutral conductor.

Wrap signal cable to messenger cable with at least four turns of wrapping tape spaced at intervals
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less than 15 inches or lash signal cable to messenger cable with one 360 degree spiral of lashing wire

per 12 inches.

Make electrical connections inside each signal head, signal controller cabinet, and termination

compartment in metal poles. Do not splice cable outside signal heads.

Coil sufficient signal cable beside each vehicle signal head to accommodate head shifts during
various construction phases. For all cables entering or leaving vehicle signal heads at final head
locations, provide a minimum of 36 inches of signal cable coiled beside each head.

C. Pedestrian Signal Heads
Install signs with mounting hardware immediately above pedestrian push buttons.

Connect push button to controller cabinet using lead-in cable. Bond push button housing and all

metal components to cabinet ground using cable ground.

Where new countdown pedestﬁan beads are called to be installed in the plans to replace existing
pedestrian signal heads, remove the existing heads and replace sign with new countdown pedestrian
sign (R10-3b).

D. Modify Existing Vehicle Signal Heads:

Modify existing vehicle signal heads by removing incandescent lamp hardware and replacing
with new LED modules with all necessary hardware.

34. MEASUREMENT AND PAYMENT

Vehiele signal head ( ) and Pedestrian signal head ( ) will be measured and paid
for as the actual number of signal heads of each type, size, and number of sections with mounting

hardware furnished, installed, and accepted.

Modify existing vehicle signal head will be measured and paid for as the actual number of
existing vehicle signal heads modified and accepted.

Signal Cable will be measured and paid for as actual linear feet of signal cable furnished,
installed and accepted. Measurement will be point to point with no allowance for sag. Twenty five
feet will be allowed for vertical segments up or down poles.

No measurement will be made of visors, ‘wire entrance fittings, interconnecting brackets
mounting assemblies, pedestrian push buttons, and R10-3B pedestrian signal signs as these will be
considered incidental to furnishing and installing signal heads. No measurement will be made for
drip loops, coiled sections, or lashing wire as these will be considered incidental to furnishing and

installing signal cable.
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Payment will be made under:

Vehicle Signal Head (127, 3 Section)............ Eettteeeretetetaaar—_——atateetetaea———tatesteran—natenttaesetseessaeesenaeen Each
Vehicle Signal Head (127, 5 SECHON) ....ccccvruieimirieetereeerceceennee st et et sre e st e sse e e e e enasees Each
Pedestrian Signal Head (16™, 1 Section with Countdown) ........c.cocueeemrcenernreneeeinrescneeeeeeneenees Each
Modify Existing Vehicle Signal Head.......................... S, Each
Signal Cable........cooceiiiiicici e Linear Foot
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4. SIGNAL PEDESTAL
41. DESCRIPTION

Furnish and install signal pedestal assemblies with foundations, grounding systems, and all

necessary hardware.
42. MATERIAL

A General
Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL.

B. Pedestals

Provide aluminum pedestals with foundations that conform to AASHTO. Furnish Class B
minimum concrete that conforms to the applicable parts of the Standard Specifications Section 1000
for Portland Cement Concrete Production and Delivery.

Provide reinforcing steel that conforms to the applicable parts of the Standard Specifications
Section 1070 for Reinforcing Steel.

Provide caps and bases as part of pedestal assemblies. Unless otherwise required, furnish
pedestals that provide the following heights:

To support traffic signal equipment cabinets — 30" abo've foundation.
To support signal heads, see Section 3 for required signal head height.

Provide pedestal caps fabricated from cast aluminum that meets Aluminum Association Alloy

356.0F. Provide stainless steel set screws as fasteners.

Provide either shoe-type or transformer-type pedestal bases made of aluminum that meets
Aluminum Association Alloy 356.0 or equivalent, and designed to break upon impact in accordance
~ with AASHTO requirements. For shoe-type bases, provide aluminum flange plate with four anchor
boltholes, a hole to match the shaft, and a 4 x 8" hand hole with a reinforced frame located 8" above
base. For transformer-type bases, provide overall dimensions of 15"(1) x 13"(w) x 13"(d) and an 8" x
8" hand hole with removable cover. Ensure bases are continuously welded to shafts or threaded to
receive shafts. For use in grounding, provide a 1/2" minimum diameter, coarse thread stud located

inside base at the handhold and oriented for easy access.

For each pedestal, provide four bolts with outside diameter of 3/4" and length of 18" each with
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leveling nut and washer. Ensure anchor bolts are hot-dipped galvanized in accordance with ASTM A
153 with completely galvanized nuts and washers.

43. CONSTRUCTION METHODS

Locate foundations, determine elevation, and submit findings. Obtain the Engineer’s approval of
foundation locations and elevations before constructing foundations.

Excavate in accordance with the Standard Specifications Section 410 for Foundation Excavation.
If encountered, remove rock or boulders to a depth sufficient to obtain stability necessary to support
the structure for design loads. Ensure ground is level before installing foundations.

Construct foundations in accordance with the Standard Specifications Section 825 for Incidental
Concrete Construction. Cast concrete for pole foundations against undisturbed soil unless otherwise
permitted. Provide forms with chamfer strips that measure one inch along diagonal face at all corners
above ground level. Do not install foundations over uncompacted fill or muck. Install conduit in

foundations.

Securely place, position, and align anchor bolts symmetrically about the center of foundation.

Give exposed vertical concrete surfaces an ordinary surface finish. Give exposed horizontal

- surfaces a float finish.

Level tops of concrete foundations. Do not allow tops to exceed 6 inches above adjacent ground
surface. Pour and finish foundation to a level flush with surrounding sidewalk when possible.

Do not erect pedestals until concrete has attained a minimum compressive strength of 2500 psi as

determined by cylinder breaks.
44. MEASUREMENT AND PAYMENT

Signal pedestal with foundation will be measured and paid as the actual number of signal
pedestals with foundations furnished, installed, and accepted.

Payment will be made under:

Signal Pedestal with FOUNAAtiONn..........co.cueeiveevrmiiniiiciicrcecnctcicre et sene s seene Each
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5. SIGNS INSTALLED FOR SIGNALS
51. DESCRIPTION

Furnish and install signs for signals with cable hangers, rigid sign mounting brackets, U-channel

post, and all necessary hardware.

52. MATERIALS
Comply with Article 901-2 (Sign Fabrication) of the Standard Specifications.
Use Type I reflective sheeting, except for black sheeting. Use non-reflective for black sheeting.
Conform to the message layout, size, and color as required in the MUTCD.

For messenger cable mounting, furnish either messenger cable hangers with free-swinging, 360
degree adjustable sign brackets or three bolt clamps as directed. Furnish aluminum, galvanized steel,
or stainless steel messenger cable mounted sign supporting hardware.

For ground mounting, furnish steel, 3 1b., U-channel posts with hardware for ground mounting.
Comply with Article 903-2 (Sign Supports) of the Standard Specifications.

For mast-arm mounting, furnish rigid aluminum, galvanized steel or stainless steel sign mounting

brackets.
5.3. CONSTRUCTION METHODS

Install signs with applicable mounting hardware. Comply with sign offsets and mounting heights
as shown in the MUTCD and Standard Drawing numbered 904.50.

For messenger cable mounting, install signs a minimum of 6 inches from signal heads.
For ground mounting, comply with Article 903-3 of the Standard Specifications.

For signs mounted on mast arms, install attachment brackets to signs to allow the positions to be
adjusted so that signs:

e are aimed in the required direction,
e are plumb as viewed from their respective approaches,
e may be tilted forward or backward as required,

e and may be raised or lowered on the mast arm throughout the full length of the sign.
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54. MEASUREMENT AND PAYMENT

Sign for Signals will be measured and paid as the actual number of signs for signals, regardless
of mounting method, furnished, installed, and accepted.

Payment will be made under:

Sign £or Signals......c.c.eeeerereeirierinereite et et eeee e Each
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6. PAVEMENT MARKINGS
6.1. DESCRIPTION
Furnish and install pavement markings in accordance with the plans.

Remove existing pavement markings in accordance with the plans.
6.2. MATERIALS

A. General
Refer to and fully comply with section 1087 of the standard specifications.

B. Material Qualification
Use pavement markings which are on the Department’s Approved Products List or are traffic
qualified by the Traffic Control Unit.

C. Historical Performance

Historical performance of the pavement marking material will be used in determining future use
of the material by the Department, even if material has been traffic qualified. Poor past or poor
current performance of pavement marking material at any site, whether or not related to a specific
contract may be grounds for rion—acceptance of a product on any project under contract.

6.3. CONSTRUCTION METHODS

A. General
Refer to and fully comply with section 1205 of the standard specifications.

Do not use handliners or any other non-truck mounted pavement marking machine to install

pavement markings for long line applications of any one line longer than 1000 feet.

All pavement marking materials and placement will be tested according to Materials and Test
Unit Testing Procedure PM 1.0 as shown in the NCDOT Construction Manual. Install pavement
markings in order to meet the retroreflectivity requirements as measured by an LTL 2000, LTL-X or

Department approved mobile retroreflectometer.

B. Application Equipment
Use pavement marking application equipment such that all parts that come in contact with
pavement marking material are constructed for easy accessibility during cleaning and maintenance.

Keep the marking guns of the application device in full view of the operators at all times. Use
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applicators that are mobile and maneuverable to the extent that straight lines can be followed and all

standard curves can be made in true arcs.

C. Weather Limitations and Seasonal Limitations

Do not place pavement markings when moisture tests conducted on the pavement show signs of
moisture presence on the pavement, or it is anticipated that damage causing moisture may occur
during the installation and drying periods. See Section 12 of the Construction Manual for details.

D. Time Limitations for Replacement

By the end of each workday's

Center Line, Lane Line, L. .
operation if the lane is opened

Railroad symbols, & school .
to traffic (temporary paint may

be used)

Multi-lane roadways (3 or symbols

more lanes) and ramps

Edge Lines, gore lines & all By the end of the 3rd calendar
other symbols after obliteration

All centerline markings, By the end of the 5th calendar
railroad, & school symbols day after obilteration

Two-lane, two-way roadways
Edge Lines & all other By the end of the 15th

symbols calendar day after obliteration

A multilane facility is defined as any roadway having more than two lanes to include a two-lane /

two-way roadway with a center two-way left turn lane.

E. Premarking

Premark each installation of pavement marking materials prior to application on new pavement
and when required to replace pavement marking, except when existing markings are visible. Use
premarking to guide in the placement of pavement markings. Get the premarking inspected and

approved before placing the pavement marking materials.

Review and record the existing pavement markings prior to resurfacing and reestablish the new
pavement markings using the record of existing markings in conjunction with the Standard
Drawings, unless otherwise directed. In order to assure compliance with this specification, submit a

pavement marking plan 7 calendar days before any pavement marking is placed.

F. Surface Preparation and Curing Compound Removal

Prepare the pavement to accept pavement markings to insure maximum poss1ble adhesion.
Clean, seal and remove curing compound as necessary to insure that the markings adhere to the
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pavement. Obtain approval for all surface preparation methods prior to implementing.

Pavements shall be free of g}ease, oil, mud, dust, dirt, grass, loose gravel and other deleterioﬁs

material, prior to applying pavement markings.

Prepare the pavement surface, including removal of curing compound, a minimum of 2" wider
than the pavement markings to be placed, such that, an additional 1" of prepared area is on all sides
of the pavement markings after they are applied.

Remove all curing compound and surface laitance on Portland cement concrete pavements where
long-life pavement markings will be placed. Perform curing compound removal by high-pressure
water or shot blasting methods. Ensure that the surface is free of all residue, laitance and debris prior

to applying the pavement marking.

When surface preparation and curing compound removal operations are completed, blow the

pavement surface clean by compressed air to remove residue or debris.

Curing compound removal will be paid for at the applicable contract unit price. All other surface
preparation will be considered incidental to the work covered by this specification.

If required, apply a primer sealer to pavement surfaces before applying pavement marking
material as recommended by the manufacturer. Apply primer sealer in a continuous film in such a
way as to not cause any noticeable change in the appearance of the pavement markings. Submit a
sample of the primer sealer to the Engineer, prior to application.

Conduct all pavement surface preparation including curing compound removal in such a manner
that the pavement or joint material is not damaged or left in a condition that will mislead or misdirect
the motorist. Repair any damage caused to the pavement, or joint materials caused by surface
preparation or the removal of curing compound by acceptable methods and at no additional cost to
the Department. '

Where pavement surface preparation results in obscuring existing pavement markings of a lane

occupied by traffic, immediately remove the residue, including dust, by approved methods.

G. Application of Pavement Markings

- Install pavemeht marking material that has a uniform thickness, a smooth surfaced cross section
throughout its entire length, width and length not less than the dimensions specified in the plans and
that does not exceed the dimension by more than 1/2".

Do not apply pavement marking materials over a longitudinal joint. See Standard Drawing No.
1205.01 sheet 2 of 2 for details. ‘
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Install pavement marking lines that are straight or have uniform curvature and conform with the

tangents, curves, and transitions as specified in the plans.

Produce finished lines that have well defined edges and are free of horizontal fluctuations. Do
not exceed 1/2" in lateral deviation from the proposed location alignment at any point. Any greater
deviations may be cause for requiring the material to be removed and replaced at no additional cost.

Apply all longitudinal pavement marking lines 8" or less in width with one pass of the pavement
marking equipment. Pavement marking lines greater than 8" in width and pavement marking
symbols may be applied with multiple passes of the pavement marking equipment

The stem portion of straight arrows shall be applied in a single pass and the stem portion of turn
arrows is to be applied in a maximum of 2 passes of the application equipment. Arrowheads may be
applied by multiple passes of the application equipment, not to exceed three passes.

Install all pavement marking lines, characters, and symbols that require multiple passes of the
application equipment such that there are no gaps separating the application passes.

Install characters and symbols so that they conform to the sizes and shapes shown in the plans.
Use pavement marking material that is capable of accepting an overlay of compatible material.

Protect the pavement markings until they are track free. Remove any markings tracked by a
vehicle by acceptable methods and at no additional expense to the Department.

Reapply any molten pavement marking that is crossed by a vehicle. Payment will only be made
for 1 application of molten pavement marking.

Remove all pavement marking materials spilled on the road surface by acceptable methods at no
additional expense to the Department.

Use yellow, white, and black pavement markings, without drop-on glass beads, that visually
match the color chips that correspond to the Federal Test Standard Number 595a for the following
colors. Use markings that when subjected to accelerated weathering as described in U.S. Federal
Specification No. (TT-P-115F) are within the tolerance limits of the color chips listed below:

e WHITE: Color 17886
e YELLOW: Color 13538
e BLACK: Color 37038

H. Pavement Markings Observation Period

This pavement markings observation period shall be a separate entity than the system
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observation period defined in these Project Special Provisions.

Maintain responsibility for the pavement markings for a 180 day observation period beginning
upon the satisfactory completion of all work required in the plans. Guarantee the markings under the

payment and performance bond in accordance with Article 105-17.

Have traffic operating on the facility during the entire 180 day observation period unless

otherwise directed.

During the 180 day observation period provide pavement marking material that shows no signs
of failure due to blistering, excessive cracking, chipping, bleeding, staining, discoloration, oil
content of the pavement materials, smearing or spreading under heat, deterioration due to contact
with grease deposits, oil, diesel fuel, gasoline drippings, spilling, poor adhesion to the pavement
materials, loss of reflectivity, vehicular damage, or normal wear.

Replace, ét no additional expense to the Department, any pavement markings that do not perform
satisfactorily under traffic during the 180 day observation.

I. Removal of Pavement Markings
This work includes the removal of all types of pavement marking lines, symbols, and characters
including removal for long life marking preparation. This work does not include removal of

removable tape pavement markings.

Remove pavement marking lines, characters, and symbols by acceptable methods to the Engineer
that will not materially or structurally damage the surface or the texture of the pavement. Leave the
pavement surface in a condition that will not mislead or misdirect the motorist.

Where existing pavement markings are to be removed and replaced by other pavement markings,
do not begin removal until adequate provisions have been made to complete the installation of the
replacement markings. Remove pavement markings such that the surface is in proper condition for
adequate bonding of the new markings. Promptly remove any material deposited on the pavement as
a result of removing pavement markings as the work progresses by acceptable methods. Provide the
equipment necessary to control dust and the accumulation of debris resulting from the removal
process. The removal equipment shall provide dust control and the capture of the removed material
shall be done utilizing a separate vacuum equipped vehicle or other approved system. Perform the
recovery process within the same operation as the removal. Do not let traffic use the lane where the
removal is taking place until the recovery system is finished. Should the recovery system fail, cease
removal operations until the recovery system is properly operating. The Contractor is responsible for
all cleanup and proper disposal of all removed debris from the project site.
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When using a grinding method for pavement removal, the equipment shall have multiple heads
working in tandem to provide adequate preparation of the surface to accept the new marking

material.

Do not apply polyurea pavement markings over existing pavement marking materials having less
adherence than the polyurea. Application over existing pavement marking materials other than
polyurea will require the existing pavement marking material to be removed, so that a minimum of
85 percent of the existing pavement marking is removed. However, if pavement is less than 6
months old and one 15 mils application of paint was placed on the pavement initially, do not remove

the existing paint pavement markings.

Do not apply thermoplastic pavement markings over existing pavement marking materials
having less adherence than the thermoplastic. Application over existing pavement marking materials
other than thermoplastic will require the existing pavement marking material to be removed so that a
minimum of 85 percent of the existing pavement marking surface is removed. Before applying
thermoplastic pavement markings over the existing thermoplastic pavement markings, remove a
minimum of 25 percent of the oxidized existing thermoplastic. However, if pavement is less than 6
month old and one 15 mil application of paint was placed on the pavement initially, do not remove
the existing paint pavement markings.

Use black color #37038 in paint or tape, as determined by Contractor, to cover any remaining
conflicting pavement marking after removal from asphalt pavement surfaces. Do not use black paint
or tape on concrete pavement surfaces. The black paint will not have a defined shape or edges with a
width not exceeding double of the existing lines. No direct payment will be made for black paint or
tape.

J. Pavement Marking Installer Qualifications

Have at least one member of every pavement marking crew certified through the NCDOT
Pavement Marking Technician Certification Process. Keep the certification current throughout the
life of the project. The certified crewmember is not required to be the same person throughout the
life of the contract.

6.4. THERMOPLASTIC (ALKYD/MALEIC)

A. Application Equipment
Use equipment to install hot thermoplastic pavement marking material that includes the

following features:

Prémelting Kettle: oil-jacketed or air-j acketed utilized for uniform heating and melting of the
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thermoplastic material. Use a kettle that is equipped with an automatic thermostat control device to
provide positive temperature control and continuous mixing and agitation of the thermoplastic
material. Do not premelt thermoplastic material in handliner type equipment.

Applicator Storage Kettle: Equip long line pavement marking vehicles with an automatic
thermostat control device to maintain the thermoplastic material at the application temperature and
provide continuous mixing and agitation of the thermoplastic material during installation. Construct
the equipment so that all mixing and conveying parts, up to and including the application apparatus,
maintains the thermoplastic pavement marking material at the specified installation temperature and
which has a capacity of a minimum of 1500 Ibs. of molten thermoplastic pavement marking

material. Hand transfer is not allowed.
Hand Liner type application vehicles may contain the premelting and applicator storage

functions in the same kettle. Agitation and mixing can be done manually. Drag box type and bucket
type application is not allowed.

Use premelting and applicator storage kettles that meet the requirements of the National Board of
Fire Underwriters, the National Fire Protection Association, and State and local authorities.

Use application equipment that is constructed to assure continuous uniformity in the thickness

and width of the thermoplastic pavement marking.

Use application equipment that provides multiple width settings ranging from 4" to 12" and
multiple thickness settings to achieve the pavement marking thickness ranging from 0.090" to
0.120". Special thickness equipment may be required for in lane or shoulder transverse rumble strip

pavement markings.

Do not use spray thermoplastic unless approved by the Work Zone Traffic Control Unit.

B. Weather Limitations and Seasonal Limitations

Do not apply thermoplastic pavement markings on existing or new pavements unless the ambient
air temperature and the temperature of the pavement is 50°F or higher.

Do not apply thermoplastic pavement markings between December 15 and the following March
16. ‘

Exception to the above: When traffic is maintained on a portion of roadway and thermoplastic

pavement marking will not be placed within 30 calendar days due to seasonal limitations, place

pavement marking paint and beads in accordance with Subarticle 1205-8(C).
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C. Application

Use only thermoplastic markings that are of the hot, machine applied type. Apply Alkyd/Maleic
thermoplastic pavement markings by extrusion methods only. Extrusion may be accomplished using
either conventional extrusion equipment or ribbon gun extrusion devices.

Apply Drop-on Beads uniformly to the surface of the molten thermoplastic material so that the
beads are partially embedded and at a rate to immediately obtain the minimum reflectance values. At
the time of installation, produce in place markings with the minimum retroreflective values shown
below, as obtained with a LTL 2000 Retroreflectometer or Department approved mobile
retroreflectometer. Maintain the retroreflective values shown below for a minimum of 30 days from
the time of placement of the marking material.

e White: 375 med/lux/m2
e Yellow: 250 med/lux/m?2

Ensure that the marking is uniformly retroreflective upon cooling and has the ability to resist
deformation caused by traffic throughout its entire length.

A thin layer of pavement marking p’aint at the proper width may be placed prior to applying the
thermoplastic markings. If this option is chosen, when not specified in the plans or by the Engineer,
direct payment for the paint will not be made. Cover any such thin layer of pavement marking paint
with thermoplastic pavement marking within 30 calendar days of placement. Apply the thin layer of
pavement marking paint and beads at the rate necessary to produce a dry film thickness of 5 - 8 mils.
Apply drop-on glass beads at a rate of 1-3 pounds per gallon of paint.

~ Provide drainage openings at intervals of 250 feet in edge lines placed on the inside of curves
and in edge lines on the low side of tangents. Provide openings that are a maximum of 12" and a

minimum of 6" in length.

Produce a cross sectional thickness of the thermoplastic markings above the surface of the

pavement as follows:

e 240 mils: In-lane and shoulder-transverse pavement markings (rumble strips) may be
placed in 2 passes.

e 120 mils: Center lines, skip lines, transverse bands, mini-skip lines, characters, and
crosswalk lines.

e 90 mils Edge lines, gore lines, diagonals, and arrow symbols.
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D. Testing _
Retroreflective measurements will be taken within 30 days prior to the end of the 180 day
pavement markings observation period. Maintain minimum retroreflective values as shown below

throughout the 180 day pavement markings observation period.

e White: 325 med/lux/m2
o Yellow: 200 med/lux/m2

At the end of the Pavement Markings Observation Period, the thermoplastic pavement marking
material shall be within 10 mils of the initial pavement marking thickness as required in the plan.
Take the thickness measurements as specified by Materials and Tests Unit Procedure PM-1.0. See
the Construction Manual for details.

6.5. MAINTENANCE

-Replace pavement markings that prematurely deteriorate, fail to adhere to the pavement, lack
reflectorization, or are otherwise unsatisfactory, during the life of the project or during the 180 day
observation period as determined by the Engineer at no cost to the Department.

Upon notification from the Engineer, winterize the existing pavement markings on the project by
placing an additional application of markings. The markings shall be suitable for use in winter
periods whether in a temporary or final pattern. Payment will be made under the pay item for the
type of marking placed. '

6.6. MEASUREMENT AND PAYMENT

Pavement Marking Lines will be measured and paid for as the actual number of linear feet of
pavement marking lines that have been satisfactorily placed and accepted by the Engineer. The
quantity of solid lines will be the summation of the linear feet of solid line measured end-to-end of
the line. The quantity of skip or broken lines will be the summation of the linear feet derived by
multiplying the nominal length of a line by the number of marking lines satisfactorily placed.

Removal of Pavement Marking Lines will be measured and paid for as the actual number of
linear feet of pavement marking lines that have been satisfactorily removed and accepted by the
Engineer. The quantity of solid lines will be the summation of the linear feet of solid line measured
end-to-end of the line. The quantity of skip or broken lines will be the summation of the linear feet
derived by multiplying the nominal length of a line by the number of marking lines satisfactorily
removed. No payment will be made for the removal of removable pavement marking tape.

Payment at the contract unit price for the various items in the contract will be full compensation
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for all the items covered by this section. No direct payment will be made for: the work involved in
applying the lines, including surface preparation; reapplication of molten pavement mark.ing crossed
by a vehicle; and removal of all pavement marking materials spilled on the roadway surface.

Payment will be made under:

Thermoplastic Pavement Marking Lines, 8, 120 MilS ....c..ccoeeeieeieiiercieeieeceeeeecceeree e Linear Foot
Thermoplastic Pavement Marking Lines, 247, 120 mils .........cccocvviviiiimninccrnincnereieenne Linear Foot
Removal of Pavement Marking Lines, 247 .......cccoveieiieeieriereeneienieneesieesseseesessesssssssesssesanes Linear Foot
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7. MESSENGER CABLE
7.1. DESCRIPTION

Furnish and install messenger cable (spanwire) with cable clamps, machine bolts, eyebolts, 3 bolt
clamps, eye nuts, split-bolt connectors, and all necessary hardware.

7.2. MATERIALS

Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL.

Comply with ASTM A 475 for extra high strength grade wire strand, Class A zinc coating.
Fabricate messenger cable from seven steel wires twisted into a smgle concentric strand.

Provide universal grade strandvises used for extra high strength steel messenger cable. Provide
other pole line hardware constructed of hot-dipped galvanized steel. Provide machine bolts, eyebolts,
and thimbleye bolts with minimum tensile strength of 12,400 Ibs. Provide galvanized nuts, washers,

and thimbleyelets.

7.3. CONSTRUCTION METHODS
Install guy assemblies before installing messenger cable.
USe 1/4-inch messenger cable for spans supporting only cables unless otherwise specified.
Use 3/8-inch messenger cable for spans supporting signal heads.

For messenger cable crossing over railroad tracks, provide a minimum of 30 feet of vertical

clearance, unless otherwise shown on the Plans.

For permanent installation, install messenger cable in continuous lengths with no splices except
where an insulator is required. With prior approval, existing messenger for temporary installations
may be extended instead of installing new messenger cable.

Tension messenger cable to eliminate appreciable sag and to matsh the sag of surrounding
utilities. Otherwise, allow 3 to 4 percent sag of the span length between poles. Use crossover clamps
to maintain proper vertical and horizontal alignment of adjoining Cable runs.

Provide 3-bolt clamp assemblies consisting of 5/8 inch diameter machine bolts, j-hooks, washers,
and square nuts to attach messenger cable to wood poles Provide machine bolts that are 3 inches

longer than the pole diameter.

Attach messenger cable to poles using three bolt cable clamps with J-hooks in mid-runs and
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deadend strandvises at termination poles.
Maintain electrical continuity at all splices.

For messenger cable for signal heads or loop lead-in cable attached to joint use poles, install a
new grounding system that complies with Article 1720-3 for bonding messenger cable. If a pole
ground exists on the joint use pole, bond new pole grounding system to existing pole ground using
number 6 AWG minimum solid bare copper grounding wire terminated with split bolt connectors or
Burndy clamps (UCG25RS) at each end.

For messenger cable for communications cable attached to joint use poles, bond messenger cable
to existing pole ground using Burndy cIamps (UCG25RS) at ends and at 1300-foot intervals. If
existing poles do not have a grounding system, install new grounding system that complies with
Article 1720-3 for bonding messenger cable.

On multiple messenger cable arrangements, connect all messenger cable ends with number 6

AWG minimum solid bare copper wire and bond with split bolt connectors or Burndy clamps

(UCG25RS) or equivalent and terminate to pole ground.
7.4. MEASUREMENT AND PAYMENT

Messenger cable ( ) will be measured and paid for as actual horizontal linear feet of
messenger cable furished, installed, and accepted. Measurement will be point to point with no

allowance for sag.
No measurement will be made of cable clamps, machine bolts, eyebolts, strandvises, 3 bolt

assemblies, eyenuts, split bolt connectors, messenger cable bonding, or pole grounding system as
these will be considered incidental to furnishing and installing messenger cable.

'Payment will be made under: |
Messenger Cable (1/4”) ........................................................................... Linear Foot
MeSSENZET CADIE (3/87) ..uvvvveuerereerenreaerseseesessseesesssessesssssesssssssessassssasessssseesessesenses eerreeannan Linear Foot
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8. UNDERGROUND CONDUIT
8.1. DESCRIPTION

Furnish and install conduit for underground installation with tracer wire, miscellaneous fittings,
all necessary hardware, marker tape, backfill, graded stone, paving materials, and seeding and

mulching.
8.2. MATERIALS
A. General

Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL.

Comply with the Standard Specification Article 1018-2 for backfill and Articles 545-2 and 545-3
for graded stone.

B. Rigid Metallic Conduit
Provide rigid hot dipped galvanized steel conduit that meets UL Standard 6 Electrical Rigid
Metal Conduit-Steel with rigid full weight sherardized or galvanized threaded fittings.

C. Polyvinyl Chleride (PVC)

Provide non-metallic conduit and duct including associated couplings, approved for above and
below ground use with or without concrete encasement in accordance with UL Standard 651A Type
EB and A Rigid PVC Conduit and HDPE Conduit. Provide Schedule 40 conduit unless otherwise

specified.
D. High Density Polyethylene Conduit (HDPE)

Provide HDPE conduit with an outer diameter to minimum wall thickness ratio that complies
with ASTM D 3035, Standard Dimension Ratio (SDR) 13.6.

Provide conduit that meets the following:

ASTM D 638 Tensile Strength — 3,000 psi, min; Elongation — 400 percent, min
ASTM D 1238 Melt Index — 0.4 maximum
ASTM D 1505 Density — (0.941-0.955g/cc)
ASTM D 1693 Condition B — 20 percent failure, maximum
 ASTM D 2444 Impact — NEMA Standards Publication Number TC7
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ASTM D 3350 Cell Classification — 334420 or 344420

Ensure HDPE conduit is resistant to benzene, calcium chloride, ethyl alcohol, fuel oil, gasoline,
lubricating oil, potassium chloride, sodium chloride, sodium nitrate, and transformer oil, and is
protected against degradation due to oxidation and general corrosion. Furnish conduit with a
coefficient of friction of 0.09 or less in accordance with Telcordia GR-356.

Furnish factory lubricated, low friction, coilable, conduit constructed of HDPE. Furnish conduit
with nominal diameter as required. Provide conduit with smooth outer wall and smooth or ribbed
inner wall. Ensure conduit is capable of being coiled on reels in continuous lengths, transported,

" stored outdoors, and subsequently uncoiled for installation without affecting its properties or

performance.

Furnish conduit that .is suitable for underground use in an ambient temperature range of -30 to
130 degrees F without degradation of material properties.

Dependent upon the number of conduits required, furnish conduits in black, orange, blue and
white colors. Provide conduits that are factory extruded with the appropriate colers.

Furnish conduit organizers at all points where multiple conduits enter and exit a junction box or
cabinet. Furnish conduit organizers that are appropriately sized with regards to the conduits. Provide

conduit organizers that are removable.

E. Conduit Plugs, Pull Line, and Tracer Wire

Furnish duct plugs that provide a watertight barrier when installed in conduit. Furnish duct plugs
sized in accordance with conduit. Ensure duct plug provides a means to secure a pull line to the end
of the plug Provide removable and reusable duct plugs.

Furmsh mechanical sealing devices that provide a watertight bamer between conduit and cables
in conduit. Furnish mechanical sealing devices sized in accordance with conduit and with
appropriately sized holes to accommodate and seal cables. Provide removable and re-usable

mechanical seahng devices.

Furnish conduit spacers to bind the individual conduits together when installed in a common
trench. Furnish conduit spacers that are appropriately sized with regards to the conduits.

Furnish 1/2", pre-lubricated, woven polyeéter tape, pull line with rmmmum rated tensile strength
of 2,500 Ib. |

Provide green insulated number 14 AWG, THW, stranded copper wire to serve as tracer wire.

Comply with Subarticle 1400-2(H) Duct and Conduit Sealer.

50 print date: 02/23/09




. 93
U-5016 Goldsboro Signal System
Intelligent Transportation Systems Section

Furnish non-detectable underground marker tape with the wording “WARNING - Fiber Optic
Cable” in all trenches in accordance with the typical drawings in the Plans.

8.3. -CONSTRUCTION METHODS

A. General
When two cables are being installed in conduit systems, both cables shall be installed in a single

conduit.
Ensure conduit is free of moisture and debris before pulling cables.

Following installation of conduit where cable is not immediately installed, or conduit is for
future use (spare), seal the ends of the conduit with a duct plug. Secure a pull line to the duct plug in
such a manner that it will not interfere with installation of the duct plug and provides a watertight
seal.

Extend ends of conduit 2 to 4 inches above concrete surfaces and 4 inches above crushed stone
bases. For metallic conduit, install metallic bushings and bond conduits.

A.l. Conduit Entering Junction Boxes

Terminate conduits installed for communications cables in oversized junction boxes. Do not
install other conduits in the oversized junction box unless otherwise specified.

Terminate conduits installed for signal wiring, including loop lead-in cable, in standard size

junction boxes unless otherwise specified.

For all conduits entering junction boxes, seal spare conduits with approved duct plugs. Seal
conduits containing fiber-optic communications cable with mechanical sealing devices. Seal
conduits containing signal cable and loop lead-in wire with moldable duct seal.

A.2. Tracer Wire

Install tracer wire in all conduits containing fiber-optic cable. Pull tracer wire simultaneously in a
continuous length with the fiber-optic cable. Where multiple pulls of fiber-optic cable are required
and conduit is placed in the same trench, only one tracer wire is required. Where multiple pulls of
fiber optic cable are required and conduits may separate into individual trenches, install a tracer wire
in each conduit run. Provide waterproof butt splices where tracer wire is spliced. Splicing is allowed
only in cabinets and junction boxes. Label all tracer wires entering the equipment cabinet.

A.3. Plan of Record Drawings o
Upon completion of the conduit system for communications, furnish the Engineer with a plan of
record drawing detailing the horizontal and vertical locations of the conduit system.
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B. Trenching ‘
In certain cases the Contractor may use an alternate material other than HDPE and method of -
installation between trenching and plowing based on existing field conduits and preferences. Obtain

. approval before proceeding.

B.1. General

Install PVC, HDPE, or rigid metallic conduit for all underground runs. Install rigid metallic
conduit for all underground runs located inside railroad right-of-way. Clean existing underground
conduit to be incorporated into a new system. Bond all metallic conduit.

If more than one conduit is required between the same points, install conduit in one common

trench. Install non-detectable marker tape.

Install longitudinal runs of conduit a mlmmum of 1 foot from back of curb or 6 feet from edge of

- pavement in the absence of curb.

Maintain a minimum trench depth of 30 inches below finished grade or 6 inches below roadway

subgrade, whichever is deeper.

Extend the ends of the conduits such that upon completion of the installation the conduits will
extend a minimum of 2 inches above concrete surfaces and 4 inches above crushed stone bases.

Upon completion, restore surface to like-original condition within seven calendar days of
occurrence of damage. Remove all rock and debris from backfill material. Remove excess material
from site and compact area according to Article 300-7. Backfill with excavated material and

compact to 95% of original density.

Backfill trench at locations along the trench path where non-movable objects, such as rocks and
boulders, cannot be avoided. The purpose of the backfill is to provide a gradual change in elevation
of the trench, so that excessive bending and stress will not be transferred to conduits once

underground conduit system is installed.

After installation of conduits and upon completion of tamping and backfilling, perform a
mandrel test on each conduit to ensure no conduit has been damaged. Furnish a non-metallic
mandrel having a diameter of approximately 50% of the inside diameter of the conduit in which it is
to be pulled through. If damage has occurred, replace the entire length of conduit. Ensure pull line is
re-installed.

B.2. Paved Trenching

On concrete surfaces, replace the entire joint of concrete unless otherwise specified. On all other
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surfaces, neatly cut and replace the width of trench with like material.

Finish paved areas with materials matching damaged areas. For conduit installed under
roadways, cut neatly and replace the width of paved area damaged by trenching. For conduit
installed under sidewalks and walkways, remove entire section of slab from joint to joint and
replace. Place graded stone material to temporarily maintain traffic where repairs cannot be
performed immediately. Comply with Article 545-4.

B.3. Unpaved Trenching

Install conduit in all unpaved areas. Rake smooth the top 1 1/2 inches seed with same type of
grass as surrounding area. Finish unpaved areas flush with surrounding natural ground.

C. Plowing (HDPE Conduit Only)

Direct plow HDPE ducts simultaneously using chute plow method. Direct plow ducts at a
minimum depth so the top of the highest duct is 30 inches deep unless otherwise approved.

Provide sufficient personnel to feed chute, operate prime mover and equipment carrying reels (if
separate equipment is used), observe chute feeding, observe plowing, and observe reel payout. Use
chute with adequate dimensions to allow for passage of duct without damage. During plow
operétion, continuously check chute opening and path to be sure there are no obstructions and
monitor payout reels to be sure reels are turning at a steady rate.

With prior approval, install a junction box at locations where splicing or coupling of the
underground polyethylene conduits is necessary. Otherwise, splicing or joining of underground
polyethylene conduit is prohibited. ‘

D. Directional Drilling (HDPE Conduit Only)
D.1. Pre-Approvals and Minimum Depth Requirements

Obtain approval before beginning drilling operations.

At all points where HDPE conduit will traverse under roadways, driveways, sidewalks, or
Controlled Access Areas including entrance/exit ramps, maintain a minimum depth of 4 feet or 8
times the back reamer’s diameter, whichever is deeper. For an installation that runs parallel to a
controlled access area or entrance/exit ramps maintain a minimum depth of 30 inches below finished

grade. Maintain a minimum clearance of 30 inches below finished grade when crossing ditch lines.
For the following structures, the minimum clearance requirements are:
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Man-made Structure Minimum Clearance Requirement

5’ horizontal & 4’ vertical (clearances greater
than minimum horizontal should continue to

Bridge foundati
~ricee foundation use the 4V:5H ratio, i.e., 10’ horizontal should
be no deeper than 8°)
) ) 1’ above or below [while maintaining a
Drainage pipes less than 60”

minimum depth of 30” below grade]

1’ above or 4’ below [while maintaining a

Drainage pipes greater than 60”
TAInage pipes & minimum depth of 30” below grade]

1’ above or 4’ below [while maintaining a

Box Culverts

x L minimum depth of 30” below grade]
Slope protection 2’ below
Slope protection foundation footing 5’ below

Guarantee the drill rig operator and digital walkover locating system operator are factory-trained
to operate the make and model of equipment provided and have a minimum of one year experience
operating the make and model of drill rig. Submit documentation of the operators' training and
‘experience for review at least two weeks before start of directional drilling operations.

Provide a means of collecting and containing drilling fluid/slurry that returns to the surface such
as a slurry pit. Provide measures to prevent drilling fluids from entering drainage ditches and storm
sewer systems. Prevent drilling fluid/slurry from accumulating on or flowing onto pedestrian
walkways, driveways, and streets. Immediately remove all drilling fluids/slurry that are accidentally

spilled.

D.2. Directional Drill Operations

Provide grounding for the drill rig in accordance with the manufacturer’s recommendations.

Place excavated material near the top of the working pit and dispose of properly. Backfill pits
and trenches to facilitate drilling operations immediately after drilling is completed.

Use drill head suitable for type of material being drilled and sized no more than 2 inches larger
than the outer diameter of the conduit. Direct drill to obtain proper depth and desired destination.
Pressure grout with an approved bentonite/polymer slurry mixture to fill all voids. Do not jet alone
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or wet bore with water.

During drilling operation, locate drill head every 10 feet along drill path and before traversing
underground utilities or structures. Use digital walkover locating system to track drill head during
directional drilling operation. Ensure locating system is capable of determining pitch, roll, heading,
depth, and horizontal position of the drill head at any point. '

Once drill head has reached final location, remove head, and install back reamer of appropriate
size (no more than 2 inches larger than outer diameter of conduits) to simultaneously facilitate back
. reaming of drill hole and installation of conduit. Back reamer is sized larger than actual conduits to
ensure conduits are not adversely subjected to deviations caused by the original drill operation and

are as straight as practical in their final position.

_ The intent of these Specifications is to limit the diameter of the actual drill shaft/hole so that it is
no more than 2 inches larger than the conduit outer diameter. The 2-inch larger diameter may be
accomplished during the original bore or during the back reaming/conduit installation process.

Once installation of conduit has started, continue installation without interruption so as to
prevent conduit from becoming firmly set. Apply bentonite/polymer slurry mixture during conduit

installation.

Upon completion of conduit installation, perform a mandrel test on conduit system to ensure
conduit has not been damaged. Furnish non-metallic mandrel with a diameter of approximately 50%
of the inside diameter of the conduit in which it is to be pulled through. If damage has occurred,
replace the entire length of conduit and ensure that pull line is re-installed.

D.3. Drilling Fluids

Use lubrication for subsequent removal of material and immediate installation of the conduit.
The use of water and other fluids in connection with directional drilling operations will be permitted
only to the extent necessary to lubricate cuttings. Do not jet alone or wet bore with water. Use
drilling fluid/slurry consisting of at least 10 percent high-grade bentomte/polymer slurry to
consolidate excavated material and seal drill hole walls

Transport waste drilling fluid/slurry from site and dispose of in a method that complies with
local, state and federal laws and regulations. '

D.4. Conduit Splicing
With prior approval, install a junction box at locations where splicing or coupling of conduit is

necessary. Otherwise, splicing or joining of HDPE conduit is prohibited.
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E. Bore and Jack
For bore and jack areas, comply with Subarticles 1540-3 A & B except as follows:

For bore and jack areas, install metallic conduit at a minimum depth of 30 inches below finished
grade or 6 inches below roadway sub-grade, whichever is greater. Provide 3 feet clearance to conduit
from back of curb or from edge of pavement. Terminate ends of conduit into junction boxes.

Comply with the NCDOT Policies and Procedures for Accommodating Ultilities on Highway
Rights-of-Way in effect on the date of advertisement.

F. Maulti-Duct Installation in Quter-Duet

At locations called for jack and bore in the Plans, install multi-duct conduit system in single
outer-duct conduit that was installed during jack and bore. Simultaneously install the individual
colored conduits in the outer-duct conduit. Install the multi-duct conduits using an approved cable

pulling lubricant.

Use a dynamometer (clutch device) so as not to exceed the maximum allowable pulling tension.
Do not use a motorized vehicle to generate pulling forces.

Keep tension on the conduit(s) and the pulling line at the start of each pull. Do not release the
tension if the pulling operation is halted. Restart the pulling operation by gradually increasing the
tension until the multi-ducts are in motion. Once the multi-duct system is installed in the outer-duct,
install the duct organizers at the point where the multi-duct system enters or exits outer-duct.

Extend the ends of the multi-duct conduit such that upon completion of the installation, the
conduits will extend a minimum of 2 inches above concrete surfaces and 4 inches above crushed

stone bases.

After installation of the multi-duct conduits, perform a mandrel test on each individual conduit to
ensure that no conduits have been damaged. Furnish a non-metallic mandrel having a diameter of
approximately 50% of the inside diameter of the conduit in which it is to be pulled through. If
damage has occurred replace the entire length of conduit.

G. Reuse of Existing Conduit

At certain locations, the Plans call for the use of existing communications ducts made available
by NCDOT.

Prior to use of existing conduit, the Contractor shall be responsible for verifying the usability of
the conduit for the size cable(s) called for in the Plans. For any locations where new conductors are
to be installed where existing cable is present, the Contractor shall not damage nor affect the
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usability of performance of the existing cable.
8.4. MEASUREMENT AND PAYMENT

Tracer wire will be measured along the horizontal linear feet of tracer wire furnished, installed,
and accepted. Measurement will be along the approximate centerline of the conduit system. Payment
will be made in linear feet. No payment will be made for excess tracer wire in junction boxes and/or

cabinets.

Paved trenching (qty, size) will be measured in horizontal linear feet of trenching for
underground conduit installation of each type furnished, installed, and accepted. Measurement will
be along the approximate centerline of the conduit system. Payment will be in linear feet. No
payment will be made for restoring surface to like-original conditions.

Unpaved trenching (qty, size) will be measured in horizontal linear feet of trenching for
underground conduit installation of each type furnished, installed, and accepted. Measurement will
be along the approximate centerline of the conduit system. Payment will be in linear feet. No
payment will be made for restoring surface to like-original conditions.

Directional drill (qty, size) will be measured in horizontal linear feet of directional drill for
underground conduit installation furnished, installed, and accepted. Measurement will be along the
approximate centerline of the conduit system. Payment will be in linear feet.

Bore and jack (qty, size) will be measured in horizontal linear feet of bore and jack for
underground conduit installation furnished, installed, and accepted. Measurement will be along the
approximate centerline of the bore from junction box to junction box. Payment will be in linear feet.

Multi-duct (qty, size) in outer-duct (qty, size) will be measured in horizontal linear feet of multi-
duct conduit installed and accepted. Measurement will be along the approximate centerline of the

conduit system. Payment will be in linear feet.

No measurement will be made of vertical segments, sealing devices, backfill, graded stone,
paved materials, miscellaneous fittings, pull lines, marker tape, mechanical sealing devices, duct
plugs, conduit organizers, plan of record drawings, and seeding and mulching as these will be

considered incidental to conduit installation.

Payment will be made under:

TTACET WITE ..ottt sttt et ettt e e et st e e e st e na et eeseassaeans Linear Foot
Paved Trenching (1, 27) .ccceeeeeeieeieeeteeiece et et et et e ee st et e e s s e sesna e e e e ses s anessnesneessnns Linear Foot
Paved Trenching (2, 27) ...t Linear Foot
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Unpaved Trenching (1, 2”) ..ottt ssas e Linear Foot
Unpaved Trenching (2, 27) ...ttt ssee e sssssaesesessesesrnssessesssassens Linear Foot
Directional DIl (1, 27).u oottt ettt snb s Linear Foot
Directional DIl (2, 27) cveeeeeeeieeeiecieeee e rte st este st e s e s et ese st et s e e e be st e saesasasnee s eunen Linear Foot
Bore and JACK (1, 57) weeveeerieeeercrce sttt st s s b a e Linear Foot
Multi-Duct (2, 2) in Outer-DUct (1, 57) c.eceeeerreeieeeeertcetree ettt eeae s Linear Foot
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9. JUNCTION BOXES
9.1. DESCRIPTION

Furnish and install junction boxes (pull boxes) with covers, graded stone, grounding systems,

and all necessary hardware.
9.2. MATERIALS

A. General
Material, equipment, and hardware furnished under this section shall be pre-approved on the |
Department’s QPL.

Comply with Section 545 of the Standard Specifications for graded stone.
Comply with Article 1411-2 Electrical Junction Boxes except as follows:

e Provide junction box covers with standard Traffic Signal or Fiber Optic logos, pull slots,
and stainless steel pins.

e Do not provide sealant compound between junction boxes and covers.

B. Standard Sized Junction Boxes

Provide standard sized junction boxes with minimum inside dimensions of 16(1) x 10(w) x 10(d)
inches. Provide a depth range for vertical extension of the junction box of 6 to 12 inches.

C. Oversized Heavy-Duty Junction Boxes

Provide oversized heavy-duty junction boxes and covers with minimum inside dimensions of
30"(1) x 15"(w) x 24"(d) that meet or exceed the Tier 15 requirements of ANSI/SCTE 77. Provide
certification that testing methods are compliant with ANSI/SCTE 77.

9.3. CONSTRUCTION METHODS »
Comply with the Article 1411-3 of the Standard Specifications except as noted herein:

Install the junction boxes flush with finished grade. Do not install sealant compound between

junction boxes and covers.

Install standard junction boxes at maximum intervals of 250 feet, or where shown on the plans
and at locations where underground splicing of lead-in cable is necessary, whichever is less.

At locations where an existing junction box is removed and replaced by a new junction box, the
Contractor shall remove the junction box with minimal disruption to the surface of the surrounding
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area. The Contractor shall seal the existing conduit, protect any existing cables, and replace any
surface materials in kind. The junction box should be disposed of by the Contractor in a manner

approved by the Engineer.

. At certain locations shown in the Plans, reuse existing pull boxes. Precaution shall be taken to
prevent damage to the existing conduit or cables. Coil fifteen (15) feet of each new fiber optic cable
entering each existing pull box unless otherwise noted. At locations where a new junction box or
new conduit is to be connected to an existing junction box, use method to enter existing junction box
.as approved by the Engineer. Do not damage existing junction box or existing junction box
contents. Junction boxes or cable damaged shall be replaced at the Contractor’s expense. At
locations where work is called for at manholes, follow all applicable City, State, and Federal

requirements regarding work in enclosed spaces.
9.4. MEASUREMENT AND PAYMENT

Junction box ( ) will be measured and paid in actual number of junction boxes of
each size and type furnished, installed, and accepted.

No measurement will be made of covers, graded stone, and grounding systems as these will be
considered incidental to furnishing and installing junction boxes.

No measurement will be made for the removal and disposal of existing junction boxes as these
will be considered incidental to furnishing and installing new junction boxes.

Payment will be made under:
Junction BoX (Standard SiZe)..........c.coeveerverieenenientecieee et e creet et ee st e s e sae et e ense e s asenenaeennan Each
Junction Box (Over-SizedyHeavy DULY) ......ccvueeemimicmiiciisiirsicttsnes e Each
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10. WOOD POLES
10.1. DESCRIPTION

Furnish and install wood poles with grounding systems and all nhecessary hardware.
.
10.2. MATERIALS
Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL.
Comply with Subarticles 1082-3(F) Treated Timber and Lumber — Poles and 1082-4(G)
Preservative Treatment — Poles in the Standard Specifications.

Use treated wood poles meeting the requirements of Section 1082. Unless otherwise required by
the contract, use Class 3 or better wood poles. For new wood poles that will have communication
cable attachments, provide poles that have a minimum length of 40 feet and are of a sufficient length
to maintain the minimum required clearances above the roadway, obstructions, and affected railroad
tracks. For new wood poles that will have a CCTV camera attachment, provide poles of sufficient
length to be properly installed and have the camera attached at a minimum of 40 feet above ground

level.
10.3. CONSTRUCTION METHODS

Mark final pole locations and receive approval before installing poles. Unless otherwise
specified, locate poles a minimum of 6 feet behind face of curb or 10 feet from edge of travelway.

Drill or auger a hole for placement of pole and to allow for compacting. Set pole at
manufacturer’s recommended depth, but at a minimum depth of 5 feet. Ensure the pole is within two
degrees of vertical when fully loaded.

Backfill hole with pole installed and tamp backfill in 6 inch lifts with a mechanical tamp until
compacted density is at least 95% of original density.

On new Department owned poles, install a grounding system consisting of number 4 or 6 AWG
solid bare copper wire that is exothermically welded to a ground rod. Install ground wire so as to
minimize damage from vandalism and environmental exposures. Install ground wire up pole to a
point adjacent to the uppermost span. Use hot-dipped galvanized wire staples to secure ground wire -

to pole. Install ground rod at base of pole.
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10.4. MEASUREMENT AND PAYMENT

Wood pole will be measured and paid as the actual number of wood poles for either
communications cable or CCTV camera attachments furnished, installed, and accepted.

No measurement will be made for installing grounding systems as these will be considered
incidental to furnishing and installing wood poles.

Payment will be made under:

VOO POl ettt e e e s s s e e s e s s e s saeeaaaeseeseeseaasnnasanamnaan s eae st asanassnsnsssssasesessereennes
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11. CCTV METAL POLES AND FOUNDATIONS
11.1. DESCRIPTION

Furnish and install metal poles, grounding systems, and all necessary hardware. The work
covered by this special provision includes requirements for the design, fabrication, and installation
of both standard and custom/site specifically designed metal traffic signal supports and associated

foundations.

Provide metal poles that contain no guy assemblies, struts, or stay braces. Provide designs of
completed assemblies with hardware that equals or exceeds AASHTO Standard Specifications for
Structural Supports for Highway Signs, Luminaries and Traffic Signals 4th Edition, 2001 (hereafter
called 4th Edition AASHTO), including the latest interim specifications. Provide assemblies with a
round or near-round cross-sectional design consisting of no less than six sides. The sides may be

straight, convex, or concave.

Standard Drawings for Metal Poles are available that supplement these project special
provisions. These drawings are located on the Department’s website:

httn://www.ncdot.or,q/doh/preconétruct/trafﬁc/lTSS/ws/mpoles/poles.htnﬂ

The required drawings are M 1, M2, M 3, M 6, and M 7.

Comply with Subarticle 1098-1B “General Requirements” of the Standard Specifications for
submittal requirements. Furnish shop drawings for approval. Provide triplicate copies of detailed
shop drawings for each type of structure. Ensure that shop drawings show materials specifications
for each component and identifies welds by type and size. Do not release structures for fabrication
until structural drawings have been approved. Provide an itemized bill of materials for all structural

components and associated connecting hardware on the drawings.

Provide a sealed copy of the pre-approved shop drawings that includes a project number or work
order number on the drawings. Provide design calculations with these submittals. |

Sull'nmary« of information needed for metal pole review submittals:
e Shop drawings & supporting calculations
o Foundation design
e Soil boring logs

e Soil boring location map or other means to correlate borings and the corresponding‘ poles
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e Geotechnical report
11.2. MATERIALS

A. Metal Poles

Fabricate monotube shafts with a uniform linear taper of 0.14 in/ft with steel that conforms to
ASTM A-595 minimum Grade A or an approved equivalent. Galvanize in accordance with
AASHTO M111.

Use the submerged arc process to continuously weld shafts for the entire length. Ground or roll
smooth exposed welds until flush with the base metal. Ensure shafts have no circumferential welds
except at the lower end joining the shaft to the base. Provide welding that conforms to Article 1072-
20 of the Standard Specifications, except that no field welding on any part of the pole will be
permitted.

Refer to Standard Drawings for Metal Poles M2 for fabrication details. Fabricate anchor bases
from plate steel meeting the requirements of ASTM A 36M or cast steel meeting the requirements of
ASTM A 27M Grade 485-250, AASHTO M270 grade 36 or an approved equivalent. Conform to the
applicable bolt pattern and orientation specified by the design as shown on drawing M2.

Ensure hardware is galvanized steel or stainless steel.

Ensure material used in steel anchor bolts conforms to AASHTO M 314, and yield strength does
not exceed 55,000 psi. Unless otherwise required by the design, ensure each anchor bolt is 2” in
diameter and 60” in length. Provide 10” minimum thread projection at the top of the bolt, and 8”
minimum at the bottom of the bolt. Galvanize each anchor bolt in accordance with AASHTO M232
or M298 from the top of the bolt to a minimum of 2” below the threads.

Provide a circular anchor bolt lock plate that will be secured to the anchor bolts at the embedded
end with 2 washers and nuts. Provide a base plate template that matches the bolt circle diameter of
the anchor bolt lock plate. Construct plates and templates from %” minimum thick steel with a
- minimum width of 4”. Galvanizing is not required.

Provide 4 heavy hex nuts and 4 flat washers for each anchor boit. For nuts, use AASHTO M291
grade 2H, DH, or DH3 or equivalent material. For flat washers, use AASHTO M293 or equivalent

material.

Ensure end caps for poles are constructed of cast aluminum conforming to Aluminum
- Association Alloy 356.0F.

Provide ground lug at 0° on the pole’s radial index for grounding spanwire. Ensure #4 or #6

64 _ print date: 02/23/09




U-5016 Goldsboro Signal System . 107
Intelligent Transportation Systems Section

AWG wire will pass through opening. !

B. Foundation
Perform a soil test at each proposed metal pole location. Furnish and install foundations for
NCDOT metal poles with all necessary hardware in accordance with the plans and specifications.

Design the foundation to conform to the applicable provisions in the NCDOT Metal Pole
Standards and Non-Standard Foundation Design Section below. If non-standard site specific
foundations are designed for standard QPL approved strain poles, the foundation designer must use
the design moment specified by load case on drawing M8 of the Standard Drawings for Metal Poles.
Failure to conform to this requirement will be grounds for rejection of the design.

C. Soil Test and Foundation Determination

C.1. General
Drilled piers are reinforced concrete sections, cast in place against in situ, undisturbed material.
Drilled piers are of straight shaft type and vertical.

For non-standard site-specific poles, the contractor-selected pole fabricator will determine if the

addition of wing walls is necessary for the supporting foundations.

C.2. Soil Test

Perform a soil test at each signal location. Complete all required fill placement and excavation at
each signal pole location to finished grade before drilling each boring. Drill one boring to a depth of
26 feet.

Perform standard penetration tests (SPT) in accordance with ASTM D 1586 at depths of 1, 2.5,
5,7.5, 10, 15, 20 and 26 feet. Discontinue the boring if one of the following occurs:

e A total of 100 blows have been applied in any 2 consecutive 6-in. intervals.
e A total of 50 blows have been applied with < 3-in. penetration.

Describe each intersection as the “Intersection of (Route or SR #), (Street Name) and (Route or
SR #), (Street Name), Wayne County, CCTV No. _ ”. Label borings with “B-N, S, E, W, NE,
NW, SE or SW” corresponding to the quadrant location within the intersection. Pole numbers should
be made available to the drill contractor. Include pole numbers in the boring label if they are
available. If they are not available, ensure the boring labels can be cross-referenced to corresponding
‘pole numbers. For each boring, submit a legible (hand written or typed) boring log signed and sealed
by a licensed geologist or professional engineer registered in North Carolina. Include on each boring
the SPT blow counts and N-values at each depth, depth of the boring, and a general description of
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the soil types encountered.

C.3. Non-Standard Foundation Design

Design non-standard foundations based upon site-specific soil test information collected in
accordance with Soil Test above. Provide a drilled pier foundation for each pole with a length and
diameter that results in a horizontal lateral movement of less than 1 inch at the top of the pier and a
horizontal rotational movement of less than 1 inch at the edge of the pier. Contact the Engineer for
pole loading diagrams for standard poles to be used for non-standard foundation designs. Submit any
non-standard foundation designs including plans, calculations, and soil boring logs to the Engineer
for review and approval before construction. A professional engineer registered in the state of North

Carolina must seal all plans and calculations.
11.3. CONSTRUCTION METHODS
A. Metal Poles

Erect metal poles only after concrete has attained a minimum allowable compressive strength of
3000 psi. Follow anchor nut-tightening procedures below to complete the installation of the upright.

Connect poles to grounding electrodes and the intersection grounding systems.

For holes in the poles used to accommodate cables, install grommets before wiring pole or arm.

Do not cut or split grommets.

Attach the terminal compartment cover to the pole by a sturdy chain or cable. Ensure the chain or
cable is long enough to permit the cover to hang clear of the compartment opening when the cover is
removed, and is strong enough to prevent vandals from being able to disconnect the cover from the
pole. Ensure the chain or cable will not interfere with service to the cables in the pole base.

- Attach cap to pole with a sturdy chain or cable. Ensure the chain or cable is long enough to
permit the cap to hang clear of the opening when the cap is removed.

Perform repair of damaged galvanizing that complies with the Standard Specifications, Article
1076-6 “Repair of Galvanizing.” ‘

Install metal poles, hardware, and fittings as shown on the manufacturer’s installation drawings.
Install metal poles so that when the pole is fully loaded it is within 2 degrees of vertical. Install poles
with the manufacturer’s recommended “rake.” Use threaded leveling nuts to establish rake.

Maximum deflection at top of pole shall not exceed 1-inch in 30 mph non-gusting wind.
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A.1. Anchor Nut Tightening Procedure
Compute the required projection of the anchor bolt above the foundation top. Compute the total

projection based on the following:

Provide between 3 and 5 threads of anchor bolt projection above the top nut after
tightening is complete. Avoid any additional projection, or a normal depth socket torque

wrench cannot be used on top nuts.

Include the sum of the thickness of top nut, top nut flat washer or top nut beveled washer,
base plate, leveling nut flat washer or leveling nut beveled washer, and leveling nut.

Set the maximum distance between the bottom of the leveling nut and the foundation top
to one nut height to avoid excessive bending stresses in the anchor bolt under service

conditions.

e Do not use lock washers.

Installation Procedure:

1.

Place a leveling nut and washer on each anchor bolt and install a template on top of the
leveling nuts to verify that the nuts are level and uniformly contact the template. Use
beveled washers if the leveling nuts cannot be brought into firm contact with the
template. Verify that the distance between the bottom of the leveling nuts and the top of
the concrete is no more than one nut height. Consider how attachments and applied loads
may affect the vertical nature of the metal pole after erected and fully loaded. If
necessary, induce a rake to the upright in the opposite direction of the anticipated loads
during the initial erection by adjusting the leveling nuts accordingly. Failure to consider
this could result in the upright being out of the allowable vertical tolerance as specified in
the Construction Methods of this special provision.

Install the vertical upright on the anchor bolts, and tighten nuts in compliance with steps
3, 4, and 5 below. Do not attach cantilever arms or messenger cable to the vertical post
until all of the top nuts and leveling nuts have been properly tightened on the anchor
bolts. '

Install top nuts and washers. Install flat washers under the top and leveling nuts. Use
beveled washers if the nuts cannot be brought into firm contact with the base plate.
Lubricate threads of the anchor bolts, nuts, and bearing surface of the nuts and tighten to
a snug-tight condition with a spud wrench following a star pattern (using at least two
increments). Snug-tight condition is defined as 20% to 30% of the verification torque
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(600 ft-1bs.). Ensure lubricant is beeswax, stick paraffin, or other approved lubricant.

4. After the top nuts have been snug tightened, snug tighten the bottom nuts up to the base
plate using the same procedure as described above. The base-plate must be in firm
contact with both the top and bottom nuts to achieve the proper pretension in the anchor
bolts.

5. Before further turning of the nuts, mark the reference position of the top nut in the snug-
tight condition by match marking each nut, bolt shank, and base plate. Use ink or paint
that is not water-soluble.

6. Turn the top nuts in increments using the star pattern (using at least two full tightening
cycles) to 1/6 of a turn. Use a torque wrench to verify that at least 600 ft-1bs. is required
to further tighten the top nuts. At least 48 hours after the entire structure and any
attachments are erected, use a torque wrench again to verify that at least 600 ft-1bs. is still
required to tighten the top nuts. Verify that the leveling nuts remain in firm contact with
the base plate. ' \

7. Do not place non-shrink grout between the base plate and foundation. This will allow for
future inspection of leveling nuts and for adequate drainage of moisture.

B. Drilled Pier Foundation
B.1. Excavation

Perform excavations for drilled piers to the required dimensions and lengths including all
miscellaneous grading and excavation necessary to install the drilled pier. Depending on the
subsurface conditions encountered, excavation in weathered rock or removal of boulders may be

required.

Dispose of drilling spoils as directed and in accordance with Section 802 of the Standard
Specifications. Drilling spoils consist of all material excavated including water or slurry removed

from the excavation either by pumping or with augers.

Construct all drilled piers such that the piers are cast against undisturbed soil. If a larger casing
and drilled pier are required as a result of unstable or caving material during drilling, backfill the
excavation before removing the casing to be replaced. No additional payment will be made for
substituting a larger diameter drilled pier in order to construct a'drille_d pier cast against undisturbed

soil.

Construct drilled piers within the tolerances specified herein. If tolerances are exceeded, provide
additional construction as approved by the Engineer to bring the piers within the tolerances
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specified. Construct drilled piers such that the axis at the top of the piers is no more than 3 inches in
any direction from the specified position. Build drilled piers within 1% of the plumb deviation for
the total length of the piers. Construct the finished top of pier elevation between 5 inches above and
2 inches above the finished grade elevation. Form the top of the pier such that the concrete is smooth

and level:

If unstable, caving, or sloughing soils are anticipated or encountered, stabilize drilled pier
excavations with either steel casing or polymer slurry. Steel casing may be either the sectional type
or one continuous corrugated or non-corrugated piece. Ensure all steel casings consist of clean
watertight steel of ample strength to withstand handling and driving stresses and the pressures
imposed by concrete, earth or backfill. Use steel casings with an outside diameter equal to the
specified pier size and a minimum wall thickness of 1/4 inches. Extract all temporary casings during
concrete placement in accordance with this special provision unless the Contractor chooses to leave

the casing in place in accordance with the requirements below.

Any temporary steel casing that becomes bound or fouled during pier construction and cannot be
practically removed may constitute a defect in the drilled pier. Improve such defective piers to the
satisfaction of the Engineer by removing the concrete and enlarging the drilled pier, providing a
replacement pier or other approved means. All corrective measures including redesign as a result of
defective piers will not be cause for any claims or requests for additional compensation.

Any steel casing left in place will be considered permanent casing. Permanent steel casings are -
only allowed for strain poles. When installing permanent casing, do not drill or excavate below the
tip of the permanent casing at any time such that the permanent casing is against undisturbed soil.
The Contractor may’ excavate a hole smaller than the specified pier size to facilitate permanent
casing installation. Ensure the sides of the excavation do not slough during drilling. Ensure the hole
diameter does not become larger than the inside diameter of the casing. No additional compensation

will be paid for permanent casing.

If polymer slurry is chosen to stabilize the excdvation, use one of the following polymers listed
in the table below:
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PRODUCT MANUFACTURER

KB Technologies Ltd

3648 FM 1960 West, Suite 107
Houston, TX 77068

(800) 525-5237

SlhurryPro CDP

PDS Company
105 West Sharp Street
El Dorado, AR 71730
(800) 243-7455

Super Mud

CETCO Dirilling Products Group
1500 West Shure Drive
Arlington Heights, IL 60004
(800) 527-9948

Shore Pac GCV

Geo-Tech Drilling Fluids

220 North Zapata Hwy, Suite 11A
Laredo, TX 78043

(210) 587-4758

Novagel Polymer

Use slurry in acéordance with the manufacturer’s guidelines and recommendations unless
approved otherwise by the Engineer. The Contractor should be aware that polymer slurry may not be
appropriate for a given site. Polymer slurry should not be used for excavations in soft or loose soils
as determined by the Engineer.

In wet pour conditions, advise and gain approval from the Engineer as to the planned

construction method intended for the complete installation of the drilled pier before excavating.

B.2. Reinforcing Steel

Completely assemble a cage of reinforcing steel consisting of longitudinal and spiral bars and
place cage in the drilled pier excavation as a unit immediately upon completion of drilling unless the
excavation is entirely cased. If the drilled pier excavation is entirely cased down to the tip, '
immediate placement of the reinforcing steel is not required.

Lift the cage so racking and cage distortion does not occur. Keep the cage plumb during concrete

70 print date: 02/23/09



U-5016 Goldsboro Signal System 113
Intelligent Transportation Systems Section

operations and casing extraction. Check the position of the cage before and after placing the

concrete.

Securely cross-tie the vertical 'énd)_spiral reinforcement at each intersection with double wire.
Support or hold down the cage so that the vertical displacement during concrete placement and

casing extraction does not exceed 2 inches.

Do not set the cage on the bottom of the drilled pier excavation. Place plastic bolsters under each
vertical reinforcing bar that are tall enough to raise the rebar cage off the bottom of the drilled pier

excavation a minimum of 3 inches.

In order to ensure a minimum of 3 inches of concrete cover and achieve concentric spacing of
the cage within the pier, tie plastic spacer wheels at five points around the cage perimeter. Use
spacer wheels that provide a minimum of 3 inches "blocking" from the outside face of the spiral bars
to the outermost surface of the drilled pier. Tie spacer wheels that snap together with wire and allow
them to rotate. Use spacer wheels that span at least two adjacent vertical bars. Start placing spacer
wheels at the bottom of the cage and continue up along its length at maximum 10-foot intervals.
Supply additional peripheral spacer wheels at closer intervals as necessary or as directed by the

Engineer.

B.3. Concrete

Begin concrete placement immediately after inserting reinforcing steel into the drilled pier
excavation. If the drilled pier excavation is entirely cased down to the tip, immediately placement of

the concrete is not required.

B.3.1. Concrete Mix

Provide the mix design for drilled pier concrete for approval and, except as modified herein,
meeting the requirements of Section 1000 of the Standard Specifications.

Designate the concrete as Drilled Pier Concrete with a minimum compressive strength of 4500
psi at 28 days. The Contractor may use a high early strength mix. Make certain the cementitious
material content complies with one of the following options:

e Provide a minimum cement content of 640 lbs/yd3 and a maximum cement content of
800 Ibs/yd3; however, if the alkali content of the cement exceeds 0.4%, reduce the
cement content by 20% and replace it with fly ash at the rate of 1.2 1b of fly ash per Ib of

cement removed.

e If Type IP blended cemént is used, use a minimum of 665 Ibs/yd3 Type IP blended
cement and a maximum of 833 Ibs/yd3 Type IP blended cement in the mix.
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Limit the water-cementitious material ratio to a maximum of 0.45. Do not air-entrain drilled pier

concrete.

Produce a workable mix so that vibrating or prodding is not required to consolidate the concrete.
When placing the concrete, make certain the slump is between 5 and 7 inches for dry placement of

concrete or 7 and 9 inches for wet placement of concrete.

Use Type I or Type II cement or Type IP blended cement and either No. 67 or No. 78M coarse
aggregate in the mix. Use an approved water-reducer, water-reducing retarder, high-range water-
reducer or high-range water-reducing retarder to facilitate placement of the concrete if necessary. Do
not use a stabilizing admixture as a retarder in Drilled Pier Concrete without approval of the
Engineer. Use admixtures that satisfy AASHTO M194 and add admixtures at the concrete plant
when the mixing water is introduced into the concrete. Redosing of admixtures is not permitted.

Place the concrete within 2 hours after introducing the mixing water. Ensure that the concrete

temperature at the time of placement is 90 degreed F or less.

B.3.2. Concrete Placement

Place concrete such that the drilled pier is a monolithic structure. Temporary casing may be
completely removed and concrete placement may be temporarily stopped when the concrete level is
within 42 to 48 inches of the ground elevation to allow for placement of anchor bolts and conduit.
Do not pause concrete placement if unstable caving soils are present at the ground surface. Remove
any water or slurry above the concrete and clean the concrete surface of all scum and sediment to
expose clean; uncontaminated concrete before inserting the anchor bolts and conduit. Resume

concrete pouring within 2 hours.

Do not dewater any drilled pier excavations unless the excavation is entirely cased down to tip.
Do not begin to remove the temporary casing until the level of concrete within the casing is in excess
of 10 feet above the bottom of the casing being removed. Maintain the concrete level at least 10 feet
above the bottom of casing throughout the entire casing extraction operation except when concrete is
near the top of the drilled pier elevation. Maintain a sufficient head of concrete above the bottom of
casing to overcome outside soil and water pressure. As the temporary casing is withdrawn, exercise
care in maintaining an adequate level of concrete within the casing so that fluid trapped behind the
casing is displaced upward and discharged at the ground surface without contaminating or displacing
the drilled pier concrete. Exerting downward pressure, hammering, or vibrating the temporary casing

is permitted to facilitate extraction.

Keep a record of the volume of concrete placed in each drilled pier excavation and make it
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available to the Engineer.

After all the pumps have been removed from the excavation, the water inflow rate determines the
concrete placement procedure. If the inflow rate is less than 6 inches per half hour, the concrete
placement is considered dry. If the water inflow rate is greater than 6 inches per half hour, the

concrete placement is considered wet.

e Dry Placement: Before placing concrete, make certain the drilled pier excavation is dry
- so the flow of concrete completely around the reinforcing steel can be certified by visual
inspection. Place the concrete by free fall with a central drop method where the concrete

is chuted directly down the center of the excavation.

e Wet Placement: Maintain a static water or slurry level in the excavation before placing
concrete. Place concrete with a tremie or a pump in accordance with the applicable parts
of Sections 420-6 and 420-8 of the Standard Specifications. Use a tremie tube or pump
pipe made of steel with watertight joints. Passing concrete through a hopper at the tube
end or through side openings as the tremie is retrieved during concrete placement is
permitted. Use a discharge control to prevent concrete contamination when the tremie
tube or pump pipe is initially placed in the excavation. Extend the tremie tube or pump
pipe into the concrete a minimum of 5 feet at all times except when the concrete is
initially introduced into the pier excavation. If the tremie tube or pump pipe pulls out of
the concrete for any reason after the initial concrete is placed, restart concrete placement

with a steel capped tremie tube or pump pipe.

Once the concrete in the excavation reaches the same elevation as the static water level, placing
concrete with the dry method is permitted. Before changing to the dry method of concrete
placement, remove any water or slurry above the concrete and clean the concrete surface of all scum

and sediment to expose clean, uncontaminated concrete.

Vibration is only permitted, if needed, in the top 10 feet of the drilled pier or as approved by the
Engineer. Remove any contaminated concrete from the top of the drilled pier and wasted concrete

from the area surrounding the drilled pier upon completion.

Permanently mark the top of each foundation with a stamp or embedded plate to identify the
depth of the foundation.

B.4. Concrete Placement Time ‘
Place concrete within the time frames specified in Table 1000-2 of the Standard Specifications
for Class AA concrete except as noted herein. Do not place concrete so fast as to trap air, water,

73 print date: 02/23/09



U-5016 Goldsboro Signal System 116
Intelligent Transportation Systems Section

fluids, soil or any other deleterious materials in the vicinity of the reinforcing steel and the annular
zone between the rebar cage and the excavation walls. Should a delay occur because of concrete
delivery or other factors, reduce the placement rate to maintain some movement of the concrete. No

more than 45 minutes is allowed between placements.

B.S. Scheduling and Restrictions

During the first 16 hours after a drilled pier has achieved its initial concrete set as determined by
the Engineer, do not drill adjacent piers, install adjacent piles, or allow any heavy construction
equipment loads or “excessive” vibrations to occur at any point within a 20 foot radius of the drilled
pier.

The foundation will be considered acceptable for loading when the concrete reaches a minimum
compressive strength of 3000 psi. This provision is intended to allow the structure to be installed on
the foundation in a shorter time frame, and does not constitute full acceptance of the drilled pier. Full
acceptance will be determined when the concrete meets its full strength at 28 days.

In the event that the procedures described herein are performed unsatisfactorily, the Engineer

- reserves the right to shut down the construction operations or reject the drilled piers. If the integrity
of a drilled pier is in question, use core drilling, sonic or other approved methods at no additional
cost to the Department and under the direction of the Engineer. Dewater and backfill core drill holes
with an approved high strength grout with a minimum compressive strength of 4500 psi. Propose
remedial measures for any defective drilled piers and obtain approval of all proposals from the
Engineer before implementation. No additional compensation will be paid for losses or damage due
to remedial work or any investigation of drilled piers found defective or not in accordance with these

special provision or the plans.
11.4. CUSTOM DESIGN OF CCTV CAMERA METAL POLES
A. General

» Design CCTV camera metal poles with foundations.

CCTV camera heights above the roadway are detailed in Section 28 of these project special
provisions. Determine the actual length of each pole to achieve mounting height above roadway
from field measurements and adjusted cross-sections. Furnish the revised pole heights to the
Engineer. Use all other dimensional requirements shown on the plans.

Design all traffic signal support structures using the following 4th Edition AASHTO

specifications:

. Desigri for a 50 year service life as recommended by Table 3-3 (Recommended
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Minimum Design Life) in the 2003 Interim to the 4th Edition AASHTO.

e Use the wind pressure map developed from 3-second gust speeds, as provided in Article
3.8.

o Ensure metal poles include natural wind gust loading and truck-induced gust loading in
the fatigue design, as provided for in Articles 11.7.3 and 11.7.4, respectively. Designs
need not consider periodic galloping forces.

e Assume the natural wind gust speed in North Carolina is 11.2 mph.
e Design for Category II fatigue, as provided for in Article 11.6, unless otherwise specified.

e Calculate all stresses using applicable equations from Section 5. Maximum allowable

stress ratios for all signal support designs is 0.9.
e Conform to article 10.4.2 and 11.8 for all deflection requirements.

Ensure that the design permits cables to be installed inside poles as shown in the details of the

. Plans.

B. Metal Poles -

Submit design drawings for approval including pre-approved QPL poles. Show all the necessary
details and calculations for the metal poles including the foundation and connections. Include project
number on design drawings. Include as part of the design calculations the ASTM specification
numbers for the materials to be used. Provide the types and sizes of welds on the design drawings.
Include a Bill of Materials on design drawings. Ensure design drawings and calculations are signed,
dated, and sealed by the responsible Professional Engineer licensed in the State of North Carolina.
Immediately bring to the attention of the Engineer any structural deficiency that becomes apparent in
any assembly or member of any assembly as a result of the design requirements imposed by these
Specifications, the plans, or the typical drawings. Said Professional Engineer is wholly responsible
for the design of all poles and arms and review and acceptance of these designs by the Department
does not relieve said Professional Engineer of this responsibility. Do not fabricate the assemblies
until receipt of the Department’s approval of the design drawings. |

For metal poles, where ice is present, assume wind loads as shown in Figure 3-5 of the 4th
Edition AASHTO Specification for Group III loading.

Design tapers for all pole shafts that begin at the base with diameters that decrease uniformly at
the rate of 0.14 inch per foot of length.

Design a base plate on each pole. The minimum base plate thickness for all poles is determined
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by the following criteria:

Case 1 Circular or rectangular solid base plate with the upright pole welded to the top
surface of base plate with full penetration butt weld, and where no stiffeners are provided. A base
plate with a small center hole, which is less than 1/3 of the upright diameter, and located
concentrically with the upright pole, may be considered as a solid base plate.

The magnitude of bending moment in the base plate, induced by the anchoring force of each
anchor bolt is M = (P x D;) / 2, where

M = bending moment at the critical section of the base plate induced by one anchor bolt
P = anchoring force vof each anchor bolt

D; = horizontal distance between the anchor bolt center and the outer face of the upright, or the
 difference between the bolt circle radius and the outside radius of the upright

Locate the critical section at the face of the anchor bolt and perpendicular to the bolt circle
radius. The overlapped part of two adjacent critical sections is considered ineffective.

Case 2 Circular or rectangular base plate with the upright pole socketed into and attached to
the base plate with two lines of fillet weld, and where no stiffeners are provided, or any base plate
‘with a center hole that is larger in diameter than 1/3 of the upright diameter.

The magnitude of bending moment induced by the anchoring force of each anchor boltis M =P

x D,, where
P= anchbring force of each anchor bolt
D, = horizontal distance between the face of the upright and the face of the anchor bolt nut

" Locate the critical section at the face of the anchor bolt top nut and perpendicular to the radius of
the bolt circle. The overlapped part of two adjacent critical sections is considered ineffective.

If the base plate thickness calculated for Case 2 is less than Case 1, use the thickness calculated

for Case 1.

The following additional owner requirements apply concerning pole base plates.

o Ensure that whichever case governs as defined above, the anchor bolt diameter is set to
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match the base plate thickness. If the minimum diameter required for the anchor bolt
exceeds the thickness required for the base plate, set the base plate thickness equal to the

required bolt diameter.

Ensure that designs have anchor bolt holes with a diameter 1/4 inch larger than the anchor bolt

diameters in the base plate.

Ensure that the anchor bolts have the required diameters, lengths, and positions, and will develop
strengths comparable to their respective poles.

Provide designs with a 6 x 12-inch hand hole with a reinforcing frame for each pole.

Provide designs with a terminal compartment with cover and screws in each pole that
encompasses the hand hole and contains provisions for a 12-terminal barrier type terminal block.

For each pole, provide designs with provisions for a 1/2 inch minimum thread diameter, coarse
thread stud and nut for grounding which will accommodate a Number 6 AWG ground wire. Ensure
the lug is electrically bonded to the pole and is conveniently located inside the pole at the hand hole.

Where required, design couplings on the pole for mounting pedestrian pushbuttons at a height of
42 inches above the bottom of the base. Provide mounting points consisting of 1-1/2 inch internally
threaded half-couplings that comply with the NEC that are mounted within the poles. Ensure the
couplings are essentially flush with the outside surfaces of the poles and are installed before any
required galvanizing. Provide a threaded plug for each half coupling. Ensure that the surface of the
plug is eséentially flush with the outer end of the mounting point when installed and has a recessed
hole to accommodate a standard wrench.

11.5. MEASUREMENT AND PAYMENT

CCTV camera metal pole and foundation will be measured and paid as the actual number of
poles and foundations without regard to height or load capacity furnished, installed and accepted. No
measurement or payment will be made for soil samples, metal pole design, or foundation design.

Payment will be made under:

CCTV Camera Metal Pole and FOUNatIOn .....cc..eeeeeeiiieiieeieeeeeeeeeeeseeeeeeeeeeseseesnaassseesaeesseesesaesanns Each

77 ” print date: 02/23/09



U-5016 Goldsboro Signal System i 120

o

Intelligent Transportation Systems Section

12. GUY ASSEMBLIES
12.1. DESCRIPTION

Furnish and install guy assemblies with all necessary hardware.

12.2. MATERIALS

Material, equipment, and hardware furnished under this section must be pre-approved on the
Department’s QPL by the date of equipment installation. '

Furnish guy assemblies with anchor assemblies, guy cable, and guy cable guard.

Provide anchor assemblies with all miscellaneous hardware consisting of either expanding
anchor with rod and tripleye attachment, screw anchor with extension rod and tripleye attachment, or
~ expanding rock anchor with tripleye attachment. Ensure anchor assembly size is adequate for site
conditions. Provide rods constructed of hot-dipped galvanized steel sized according to the soil
bearing conditions in the area. Provide tripleye guy attachments constructed of hot-dipped
galvanized steel. Anchor assemblies with double-strand eyes may be used in lieu of those with the
tripleye feature when only one guy cable is to be attached. Ensure anchor assemblies are 7 feet

minimum in length.
For the type of anchor assembly furnished, ensure that the following:

e Expanding anchor - provide steel construction with a protective paint or heat shrink of 6
mil plastic to protect the metal during shipping and storage.

e Screw anchor - provide hot-dipped galvanized steel construction.
e Expanding rock anchors - provide malleable iron and rust-resisting paint construction.

Provide 3-bolt clamp fabricated from galvanized steel with minimum length of 5 3/4”. Ensure
‘clamp has parallel grooves (one on each side of bolt holes) for cable placement. Provide three 1/2”
diameter galvanized bolts and nuts to tighten the clamp around the messenger cable. Ensure clamp

fits 1/4” to 3/8” messenger cable.

Provide full round guy cable guards that are 8 feet in length and constructed of ultraviolet
stabilized, high impact, bright yellow, high density polyethylene.

Provide guy cables consisting of messenger cable of the same size as the largest sized messenger
cable to be guyed. Comply with Section 7 of these Project Special Provisions.
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12.3. CONSTRUCTION METHODS

A. Guy Assemblies for Signal Heads

Install guy assemblies with guy cable, guy guards, anchors, three-bolt clamps and associated
fittings. Use two-bolt attachment method where there is adequate room on the pole to comply with
the NESC. Attach guy assembly and guy cable to two separate bolts with one bolt for span and one

bolt for guy cable.

Where adequate spacing is not available and a violation of the NESC would occur with the two-
bolt attachment method, use approved one-bolt attachment method for attaching messenger cable
and guy assembly.

Bond guy assembly to new pole grounding system as described in Section 1710-3.
Do not attach to existing guy assemblies unless specifically approvedn by owner.

B. Guy Assemblies for Communications Cable or Loop Lead-in Cable

When installing messenger cable for supporting only communications cable or loop lead-in
cable, use approved one-bolt attachment method for attaching messenger cable and guy assembly.
Install mid-span guys in accord with telecommunication standards and as approved by the Engineer.

Bond guy assembly to existing pole ground using Burndy Clamp (UCG25RS) or equivalent. If
existing poles do not have a grounding system, install new grounding system for bonding guy
assembly that complies with Article 1720-3.

Do not attach to existing guy assemblies unless specifically approved by owner.
12.4. MEASUREMENT AND PAYMENT

 Guy assembly will be measured and paid as the actual number of guy assemblies furnished,

installed, and accepted.

No measurement will be made of guy cable, guy guards, anchors, clamps, or fittings as this will
be considered incidental to furnishing and installing guy assemblies.

Payment will be made under:

GUY ASSEIMDLY ..ocommsinrinicinsiniim s s Each
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13. RISER ASSEMBLIES
13.1. DESCRIPTION

Furnish and install riser assemblies with clamp-on, aluminum weatherheads or heat shrink
tubing, galvanized pole attachment fittings, and all necessary hardware.

13.2. MATERIALS

Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL.

Provide rigid metallic conduit for risers as called for in these Project Special Provisions.

Provide Tyco™ (Raychem™) part number 066193-000 or equivalent heat shrink tubing for the

installation of fiber-optic or coaxial cable in new risers.

Provide Tyco™ (RaychemTM) part number FOSC-ACC-CABLE-SEAL-2-NW or equivalent
heat shrink tubing retrofit kits for the installation of new fiber-optic or coaxial cable in existing riser

with existing fiber-optic or coaxial cables.
13.3. CONSTRUCTION METHODS

A. New Installations

Install risers with required weatherheads or heat shrink tubing on poles using pole attachment
fittings.

Insté.ll heat shrink tubing retrofit kits in existing risers as specified.

Use separate 1/2-inch riser with weatherhead for pedestrian pushbutton.

Use separate 1-inch riser with weatherhead for electrical service.

Use separate 2-inch riser with weatherhead for signal cables (bundled). Use separate 2-inch riser
with weatherhead for the combination of all lead-in and twisted-pair communications cable. Install

condulet on all risers for lead-in cable.

Use separate 2-inch riser with heat shrink tubing for fiber-optic communications cables and
coaxial cable. Install risers with heat shrink tubing so that cable can be installed without violating its
minimum bending radius. Install cable so it does not share a riser with any other cable. '

Install heat shrink tubing in accordance with manufacturer's reccommendations. Provide tubing a
minimum of 5 inches in length with a minimum of 2.5 inches extended over cables and 2.5 inches
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extended over risers after heat has been applied. Use nylon filler rods with UV protection or
equivalent, and sealing spacer clips to separate cables where multiple cables enter a riser. Ensure
sealing spacer clips have a heat activated sealing compound with the sealing compound fully
encapsulating the space between cables. Ensure heat shrink tubing provides a watertight fit around
individual cables and outer walls of risers. Do not use cut sections of cable or any other devices in
lieu of filler rods. Use aluminum tape around cables to prevent damage from sealing chemicals. Use
a heat source that will provide even heat distribution around tubing. Ensure no damage occurs to any

cables.

Transition from the rigid galvanized steel risers to underground PVC conduits using an approved

rigid galvanized steel sweeping elbow with PVC female adaptor.

B. Reuse Existing Risers

At locations shown in the plans, install fiber optic cable in existing riser assemblies. If required,
replace existing weatherhead with heat shrink tubing using a method approved by the Engineer. If
installing fiber optic cable in existihg riser with existing heat shrink tubing, replace with new heat
shrink tubing following installation.

13.4. MEASUREMENT AND PAYMENT

__" Riser with will be measured and paid as the actual number of risers of each
type and size furnished, installed, and accepted. No measurement will be made for replacing
weatherhead of existing riser assemblies with heat shrink tubing as this will be considered incidental
to the installation of the fiber optic cable.

Heat shrink tubing retrofit kit will be measured and paid for as the actual number of heat shrink
tubing retrofit kits furnished, installed, and accepted. No measurement will be made for removing

existing communications cable.

Payment will be made under:
1/2” Riser with Weathérhead ........................................................................................................... Each
2” Riser with Weatherhead ..........co.oo ittt et et s e as s n e s e e e s neeaes Each
2 Riser with Heat Shrink TUDING ........cocouiiiiieciieceeeieeieerte e e sneesae e s e e e snneceseeesnenesnns Each
Heat Shrink Tubing Retrofit Kit ..........cooiiouiiiiiieieeieeiee ettt te e s s ae st e saa e e eas Each
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14. INDUCTIVE DETECTION LOOPS
14.1. DESCRIPTION

Furnish and install inductive detection loops with loop slot sealant, loop wire, conduit with

fittings, and all necessary hardware.

14.2. MATERIAL

Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL.

A. Loop Sealant

Provide loop slot sealant that completely encapsulates loop wire when installed according to
manufacturer’s instructions. Provide loop sealant that does not generate temperatures greater than
- 220 degrees F. Ensure sealant bonds with asphalt and concrete pavement saw slots so sealant and
encapsulated loop wire do not come out of slot. Ensure sealant is self-leveling, but with sufficient
viscosity to prevent exit from saw slot when installed along a ten percent grade.

Provide sealant that protects loop wire by preventing the entrance of dirt, water, rocks, sticks,
and other debris into saw slot, and is resistant to traffic, water, gasoline, chemical and chemical
fumes, mild alkalis, oils, and mild acids. Ensure sealant will not be affected by water and sealant
does not chemically interact with pavement and loop wire insulation.

Ensure loop sealant has sufficient flexibility to permit expected pavement expansion and
contraction due to weather and to permit pavement movement due to traffic without cracking for a
temperature range of -40 to 160 degrees F.

Provide sealant with a usable life of at least ten minutes once mixed, when the ambient
temperature is 75 degrees F. Ensure sealant dries to tack free state in less than two hours, and does
not flow within or out of saw slot after exposed surface has become tack free. Tack free time will be
determined by testing with a cotton ball until no sealant adheres to cotton ball and no cotton adheres

to sealant.

Ensure two part sealant cures within 48 hours to attain 95 percent of published properties for the

cured material.

Ensure one part sealant cures within 30 days to attain 95 percent of published properties for the

cured materiak-- -
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B. Loop Wire

Provide loop wire composed of 19-strand conductor insulated by a cross-linked polyethylene
compound. Ensure insulated conductors are completely encased in tubes of low density polyethylene
compound. Print manufacturer’s name, manufacture year, and any applicable part number on

encasing tube at intervals of 2 feet or less.

Provide number 14 AWG copper conductors fabricated from 19 strands that comply with ASTM
B 3 before insulating. Ensure stranded conductors use either concentric or bunch stranding, and
comply with circular mil area and physical requirements of ASTM B 8 or ASTM B 174 for bunch

stranding.

Provide insulating compound that is cross-linked thermosetting black polyethylene (ASTM D
2655). Ensure insulation is applied concentrically about conductor. Provide insulation thickness not
less than 0.026" at any point and minimum average thickness of 0.030" as measured by UL Standard

62.

Ensure insulation of finished conductor will withstand application of a 60 Hertz or 3000 Hertz,
7500 volt (RMS) essentially sinusoidal spark test potential as specified in UL Standard 83.

Provide insulated conductors that are factory-installed in protective encasing tube that comply

with the following:

e Encasing tube fabricated of polyethylene compound conforming to ASTM D 1248 for
Type I, Class C, Grade ES5.

e Minimum inside diameter of 0.150"
e Wall thickness of 0.040" +/- 0.010"
e Outside diameter of 0.240" +/- 0.010"

C. Conduit

Comply with Section 8 of these Project Special Provisions for non-metallic conduit.
14.3. CONSTRUCTION METHODS

All work performed in this section shall be done in the presence of the Engineer.

Noﬁfy Engineer one week before installing inductive detection loops.

Coordinate sawcutting and loop placement with pavement markings. For new construction or for
resurfacing, install inductive detection loops before placing final layer of surface course. On
unmarked pavement, pre-mark locations of stop lines and lane lines before locating inductive
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detection loops.
Loop locations are shown on the Plans with the distance to the closest stopline in the direction of

travel noted. This measurement is an approximation. Before sawcutting, pre-mark inductive

detection loop locations and receive approval.

Sawcut pavement at approved pre-marked locations. Do not allow vehicles to travel over

unsealed loop slots.

Install conduit with bushings from edge of pavement to junction box. Do not sawcut through

curb.

Remove all loose material and wash saw slots with a high-pressure method using an air and
water mixture. Dry saw slots with compressed air. Clear saw slots of jagged edges and protrusions.
Seat loop condiictor at bottom of saw slot without damaging loop wire.

Before sealing loop conductors, test that impedance from the loop wire to ground is at least 100
megohms. For each location with inductive loops, submit a completed Inductive Detection Loop &
Grounding Test Results form and place copy in controller cabinet. Ensure all loops are included on
~form. The form shown here and is also located on the Department’s website.

http://www.ncdot.gov/doh/preconstruct/traffic/ITSS/ws/signal_data.xls
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Embed loop conductors in saw slot with loop sealant. Seal saw slot and dispose of excess sealant
in an environmentally safe manner. Provide Engineer with Material Safety Data Sheet and
manufacturer’s test data.

Between where loop conductor pairs leave saw cut in pavement and junction boxes, twist loop
conductor pairs a minimum of 5 turns per foot. Permanently label each twisted pair in the junction
box with nylon cable tie using indelible ink. Indicate loop number and loop polarity on the tie.

Sawcutting shall comply with the detail drawings in the Plans.
14.4. MEASUREMENT AND PAYMENT

Inductive loop sawcut will be measured and paid as the actual linear feet of inductive loop

sawcut furnished, installed, and accepted.

No measurement will be made of loop slot sealant, loop wire, conduit, and conduit fittings as
these will be considered incidental to furnishing and installing inductive detection loops.

Payment will be made under:

Inductive Loop SAWCUL .........oiiiiiiciiictcc ettt Linear Foot
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15. LOOP LEAD-IN CABLE
15.1. DESCRIPTION

Furnish and install loop lead-in cable with all necessary hardware.

15.2. MATERIALS

Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL. ’

Furnish lead-in cable with two conductors of number 14 AWG fabricated from stranded tinned
copper that complies with IMSA Specification 50-2 except as follows:

! #
Ensure conductor is twisted with a maximum lay of 2.0 inches, resulting in a minimum of 6 turns

per foot.
Provide a ripcord to allow cable jacket to be opened without using a cutter.

'Provide length markings in a contrasting color showing sequential feet and within one percent of
actual cable length. Ensure character height of the markings is approximately 0.10 inch.

15.3. CONSTRUCTION METHODS

For underground runs, install lead-in cable in 2 inch non-metallic conduit. For aerial installation,
wrap lead-in cable to messenger cable with at least four turns of wrapping tape spaced at intervals
less than 15 inches or lash lead-in cable to messenger cable with one 360 degree spiral of lashing

wire per 12 inches.

Where railroad preemption is required, install lead-in cable from the signal controller cabinet to
railroad company furnished and installed lockable junction box.

Splicing of lead-in cable will be allowed only for runs in excess of 750 feet. Splice lead-in cable
in junction boxes or condulets on poles. Splicing shall be as called for in the Standard Specifications
and as shown in the Roadway Standard Drawings.

Test each complete loop system from the controller cabinet by using a megger to verify that
impedance from the loop system to the ground is at least 50 megohms. Record and report results
utilizing “Inductive Loop and Grounding Test Results” form in Section 14 of these Project Special
Provisions. Maintain a single source binder or binders of all results, kept in order by intersection
number. After successful completion of megger test, test the loop system resistance using an
electronic ohmmeter to verify that loop system resistance is less than 0.00885 ohms per foot. Provide
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copy of test to the Engineer and place copy of test in the signal cabinet.
15.4. MEASUREMENT AND PAYMENT

_ Lead-in cable ( ) will be measured and paid as the actual linear feet of lead-in cable
" furnished, installed, and accepted. Measurement will be made by calculating the difference in length
markings located on outer jacket from start of run to end of run for each run. Terminate all cables

before determining length of cable run.

If markings are not visible, measurement will be point to point with no allowance for sag.
Twenty-five feet will be allowed for vertical segments up or down poles.

Payment will be made under:

Lead-In Cable (14-2).....cccevereceeneeaenne eeteesteetesteettesteseeesterteeeentesstesnteeteerareesteeseeeareennsaenee Linear Foot
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16. FIBER OPTIC CABLE
16.1. DESCRIPTION

Furnish and install single mode fiber-optic (SMFO) communications cable and drop cable with
grounding systems, fiber-optic cable storage racks (snow shoes), communications cable
identification markers, lashing wire, and all necessary hardware.

All fiber optic cables furnished under this project shall be from the same manufacturer.

16.2. MATERIALS

A.  SMFO Communications Cable

Furnish loose tube fiber-optic cable with required fiber count that complies with RUS CFR
1755.900, single mode with a dielectric central member. Use single mode fiber in cable that does not
exceed 0.25 dB/km at 1550 nm and 0.35 dB/km at 1310 nm. Provide cable with all fibers that are
useable and with a surface sufficiently free of imperfections and inclusions to meet optical,
mechanical, and environmental requirements. Provide cable with minimum of one ripcord under
sheath for easy sheath removal and with shipping, storage, installation, and operating temperature of
at least -40 to 160 degrees F with a dual layered, UV cured acrylate fiber coating applied by cable
manufacturer that may be stripped mechanically or chemically without damaging fiber.

Provide fibers inside a loose buffer tube. Use a doped silica core surrounded by concentric silica
cladding for each fiber. Distinguish each fiber and buffer tube from others by means of color coding
that meets EIA/TIA-598 Color Coding of Fiber-Optic Cables. In buffer tubes containing multiple
fibers, ensure that the colors are stable during temperature cycling and not subject to fading, sticking,
or smearihg into each other or into the gel filling material. Use fillers in cable core if necessary to
provide a symmetrical cross-section of cable. Fill buffer tubes with nonhygroscopic, non-nutritive to
fungus, electrically non-conductive, homogenous gel. Ensure that gel is free from dirt and foreign
matter, and is removable with conventional nontoxic solvents. | ‘

Provide a central member consisting of a dielectric glass reinforced plastic rod. Apply binders
with sufficient tension to secure buffer tubes and binders to the central member without crushing
buffer tubes. Ensure that binders are non-hygroscopic, non-wicking (or rendered so by the flooding
compound), and dielectric with low shrinkage.

Provide cable that has cable core interstices filled with super-absorbent, water-blocking
compound that is non-conductive and homogenous. Ensure compound is free from dirt and foreign

matter, and is removable with conventional nontoxic solvents.
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Provide cable with high tensile strength aramid yarns or fiberglass yarns that are helically

stranded evenly around the cable core.

Provide cable jacket of consistent thickness that is free of holes, splits, and blisters, and
containing no metal elements. Provide outer jacket of medium density polyethylene with minimum
nominal sheath thickness of 0.050 inch. Ensure polyethylene contains carbon black for ultraviolet
light protection and does not promote the growth of fungus.

Provide length markings in sequential feet and within one percent of actual cable iength. Ensure
that character height of the markings is approximately 0.10 inch.

B. Drop Cable
Furnish drop cable to provide communications links between aerial splice enclosures and cabinet
interconnect centers. Furnish drop cable containing six individual fibers.

Furnish drop cable that comply with RUS-CFR 1755.900 and have a minimum bend radius of
5.0 inches for a 6-fiber cable. Ensure drop cables have the same opgrating characteristics as the
SMFO cable it is to be coupled with. ’

On one end of cable, furnish six ST-PC connectors for termination on the connector panel in
equipment cabinet. Provide either factory assembled drop cables with ST-PC connectors or field
installed connectors. No connectors are required for drop cables running from one splice enclosures

directly to another splice enclosure.

Ensure attenuation of drop cable at 1310 nm does not exceed 0.5 dB/km. Ensure attenuation loss

for complete drop cable assembly does not exceed a mean value of 1.5 dB.

Provide length markings in sequential feet and within one percent of actual cable léngth. Ensure

~ that character height of the markings is approximately 0.10 inch.

C. Communications Cable Identification Markers

Furnish yellow communications cable identification mérkers that are resistant to fading when
exposed to UV sources and changes in weather. Use markers designed to coil around fiber-optic
cable, and that do not slide or move along the surface of the cable once installed. Ensure exposure to

UV light and weather does not affect the markers natural coiling effect or deteriorate performance.

, For all signal system fiber optic cables furnish cable wraps containing the following text in
~ black: '
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WARNING
CITY OF GOLDSBORO FIBER OPTIC CABLE
CONTACT TELEPHONE NUMBER: 919-739-7428

| WARNING |
CITY OF GOLDSBORO FIBER OPTIC CABLE

Overall Marker Dimensions: 7”(1) x 4”(w)
Lettering Height: 3/8 inch for WARNING, %4” for all other lettering

For all City IT fiber optic cables furnish cable wraps containing the following text in black:

WARNING
CITY OF GOLDSBORO IT DEPT FIBER OPTIC CABLE
CONTACT TELEPHONE NUMBER: 919-580-4350

WARNING
CITY OF GOLDSBORO IT DEPT FIBER OPTIC CABLE

Overall Marker Dimensions: 7°(I) x 47(w)
Lettering Height: 3/8 inch for WARNING, Y4 for all other lettering

Submit a sample of the proposed communications cable identification markers to the Engineer

for approval before installation.

D. Fiber-Optic Cable Storage Guides

Furnish ﬁbef-optic storage guides (snowshoes) that are non-conductive and resistant to fading
when exposed to UV sources and changes in weather. Ensure snowshoes have a captive design such
that fiber-optic cable will be supported when installed in the rack and ﬁber-optic cable’s minimum
bending radius will not be violated. Provide stainless steel attachment hardware for securing
snowshoes to messenger cable and black UV resistant tie-wraps for seéuring fiber-optic cable to
snowshoe. Ensure that snowshoes are stackable so that multiple cable configurations are possible.

16.3. CONSTRUCTION METHODS

A, General
Provide cable manufacturer’s attenuation and Optical Time Domain Reflectometer (OTDR)
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testing data for each reel of cable prior to installation, in a format approved and accepted by the

Engineer.

Install single mode fiber-optic (SMFO) communications cable, snow shoes, communications
cable identification markers, lashing wire, and all necessary hardware.

Comply with manufacturer’s recommendations. Install communications cable on signal poles,
utility poles, messenger cable, and in conduits as required to bring the fiber-optic cable into and, if

necessary, out of each splice enclosure.

Take all precautions necessary to ensure that cable is not damaged during storage, handling, and
installation. Do not violate the minimum bending radius of 20 times the radius of the cable diameter
or the manufacturer’s recommendation, whichever is greater. Do not step on cable nor run over cable
with vehicles or equipment. Do not pull cable over or around obstructions, or along the ground.

Determine lengths of cable necessary to reach from termination-point to termination point.
Install cable in continuous lengths between approved splicing facilities. - Additionally, provide a
sufficient amount of slack cable to allow for an additional 20 feet of cable to be present after
removal of outer sheath for termination. Measure slack cable by extending cable straight out of

cabinet door.

Keep cable ends sealed at all times during installation to effectively prevent the ingress of
moisture. Use approved heat shrink cable end cap. Do not use tape to seal cable ends.

Before installing cable, provide three copies of the cable manufacturer's recommended and
maximum pulling tension. Do not exceed the manufacturer’s recommended pulling tension. Use
pulling grips containing a rotating swivel. Coil cable in a figure-8 configuration whenever cable is

unreeled for subsequent pulling.

Install fiber-optic cable in separate 2 inch risers with heat shrink tubing or conduits. All conduits
that contain fiber optic cable and enter the bottom of a pole mounted cabinet shall be rigid metallic
conduit. Do not share risers or conduits containing fiber-optic cable with other type cable.

| B. Aerial Installation

Double lash fiber-optic cable to messenger cable with one 360 degree spiral per foot. -
~ Use pole attachment hardware and roller guides with safety clips to install aerial run cable.

Maintain tension during the pulling process for aerial run cable by using an approved mechanical
clutch (dynamometer) device. Do not allow cable to contact the ground or other obstructions
between poles during installation. Do not use a motorized vehicle to generate cable pulling forces.
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Use a cable suspension clamp when attaching cable tangent to a pole. Select and place cable
blocks and corner blocks so as not to exceed the cable’s minimum bending radius. Do not pull cable

across J-hooks.

Store 100 feet of slack fiber-optic cable over-head on all cable runs that are continuous without
splices and are greater than 2,500 feet and as shown on the plans or the amount shown on the Plans.
This shall be for each fiber optic cable lashed to the messenger cable or overlashed to existing
communications cable. Obtain approval for spare cable storage locations. Store spare fiber-optic
cable on fiber-optic cable storage racks (snow shoes) that may be stackable. At aerial splice
enclosures, store spare cable of each size. Do not mix fiber optic cables for different owners on same
snowshoe. Locate spare cable storage in the middle of spans between termination points. Do not

store spare fiber-optic cable over the roadway or driveways.

Install one communications cable identification marker within 36 inches of pole attachment
points and at locations where more than one cable originates or terminates.

Maintain electrical continuity of messenger cable at all poles.

C. Underground Installation

Install fiber-optic cable underground in conduit using cable pulling lubricants recommended by
the fiber-optic cable manufacturer. If more than one cable is being installed in multi-duct conduit
banks, install all cables in one conduit and leave other conduit as a spare.

Obtain approval of cable pulling lubricant and method of pulling before installing underground
fiber-optic cable.

Use a dynamometer (clutch device) so as not to exceed the maximum allowable pulling tension
if the cable is pulled by mechanical means. Do not use a motorized vehicle to generate cable pulling
forces.

Keep tension on the cable reel and pulling line at the start of each pull. Do not release tension if
the pulling operation is halted. Restart the pulling operation by gradually increasing tension until the

cable is in motion.

For pulling cable through manholes, junction boxes, and vaults, feed cable by manually rotating
the reel. Do not pull cable through intermediate junction boxes, handholds, or openings in conduit

unless otherwise approved.

Install communications cable identification markers on each communications cable entering a

junction box or manhole.
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D. Installation of Drop Cable
Determine the length of drop cable needed, including slack, to reach from termination point to

termination point.

At aerial splice enclosures, store 100 feet (or quantity shown on the Plans) of slack for each cable
on cable storage racks. At below ground splice enclosures, coil 30 feet (or quantity shown on the
Plans) of slack for each cable in manhole or junction box where enclosure is located.

At equipment cabinet end of the drop cable, terminate all fibers with ST-PC connectors to the
connector panel. Label all connectors, pigtails, and the connector panel. At the aerial splice
enclosure location, cap off all unused or designated fibers and label to correspond with the connector

panel.

E. Storage for Future Use
As shown on the plans, store cable at locations of future traffic signals. Coil drop cable from
splice enclosure. Ensure there is sufficient length of cable to route cable from splice enclosure to

proposed location of signal controller cabinet.

As shown on the plans, store cable at the end of cable routes. If not terminating fibers, cap and
seal cable as directed on the Plans and in these Project Special Provisions.

F. Reuse of Existing Fiber Optic Cable

Existing fiber optic cable owned by NCDOT is called for reuse under this project. Prior to
splicing, reconnecting at patch panels, or performing any activity that would otherwise modify the
operation of the existing cable, the Contractor shall notify the Engineer in writing of the location of
the affected cable, and the duration for which the cable will be affected. The Contractor shall be
responsible for testing existing optical fibers intended for reuse from the nearest accessible
terminated end to the location points the cable is intended for reuse. The Contractor shall report in
writing to the Engineer any fibers proposed for reuse that do not meet the operating standards called
for in these Project Special Provisions. The Contractor shall verify prior to disruption of any service
the nature and character of the use of all optical fibers and report these uses to the Engineer. The
Contractor shall not perform work that removes any existing communications or devices from
service during the week day commute hours (7AM to 9AM and 4PM to 6PM Monday through
Friday) nor during planned special events or other events or activities as called for by the Engineer

unless approved by the Engineer.

G. Removal of Existing Communications Cable

Removal of existing aerial communications cable also includes proper disposal of the
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communications cable, messenger cable and mounting hardware, including abandoned risers.

Removal of existing underground communications cable includes proper disposal of the

communications cable.

Do not reuse any removed communications cable, messenger cable, pole attachment hardware or
abandoned risers on the project, unless otherwise identified by the plans. In the event that any of the
removed communications cable, or pole attachment hardware is to be returned to the Engineer, it

will be so noted on the plans.

Removal of existing communications cable from risers noted in the Plans will be considered
incidental to the heat shrink tubing retrofit kit pay item. o

16.4. MEASUREMENT AND PAYMENT

Communications cable (____ fiber) will be measured and paid as the actual linear feet of fiber-
optic cable of each fiber count furnished, installed, and accepted in accord with the following
conditions: 75% of the payment will be made upon acceptance of the installed unit; 25% of the
payment will be made following final acceptance of the integrated system (including completion of
the 60 day observation period). Measurement will be made by calculating the difference in length
markings located on outer jacket from start of run to end of run for each run. Terminate all fibers

before determining length of cable run.

Drop cable (___fiber) will be measured and paid as linear feet of fiber-optic drop cable
furnished, installed, and accepted in accord with the following conditions: 75% of the payment will
be made upon acceptance of the installed unit; 25% of the payment will be made following final

‘acceptance of the integrated system (including completion of the 60 day observation period). Sag |
and vertical segments will not be paid for as these distances are considered incidental to the

installation of drop cable.

No measurement will be made for terminating, Splicing, and testing of the fiber-optic cable,
communications cable identification markers, fiber-optic cable storage racks, and grounding of
messenger cable, as these will be considered incidental to the installation of the fiber optic cable.

No measurement will be made for the removal of existing messenger cable, existing
communications cable, or existing pole attachment hardware as this will be considered incidental to

the installation of new communications cable.
Payment will be made under:

Communications Cable (12 FIDEr).....ccccooiiiiriierieeieeecee ettt ettt et e e s se e Linear Foot
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Communications Cable (24 FIDEr).......ccccevurreriieerieriretre ettt ettt et et ......Linear Foot
Communications Cable (36 FIDET)............cvueueuieeeeeereseeesseseeseeaessossese s somseesssssnns erererenes Linear Foot
Communications Cable (48 Fiber)........cccocvmrrriirverevercrencennns e, Linear Foot
Communications Cable (60 FiDer).......cccocieiiiimiieeieieeecerccce et rnenee Linear Foot
Communications Cable (96 FIDET).......c.ocovureiiriieicieeereeciecetreeerteeeeseee e neesnnesesnasessnasannns Linear Foot
Communications Cable (144 FIDET)........cooo i iieeeieeeeteeeeeresee e esssss s sssessssssessesesaeeens Linear Foot
Drop Cable (6 FIDer).....c.ovuiiiiciiie s Linear Foot
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17. FIBER-OPTIC SPLICE CENTERS
17.1. DESCRIPTION

Furnish and install fiber-optic interconnect centers, fiber-optic aerial splice enclosures, and all
necessary hardware. Provide aerial splice enclosures that are suitable for aerial, pedestal, buried,

junction box, and/or manhole installations.

Check splice details before doing any work at splicing centers and enclosures. Do not cut entire

~ cable when express fibers are present.
17.2. MATERIALS
A. General

Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL.

B. Interconnect Center

For locations where a single drop cable or two 12-fiber cables enter and terminate inside a
cabinet, furnish compact, modular interconnect centers designed to mount inside equipment cabinets.
Furnish interconnect centers with 12-position modules. Furnish interconnect centers that are rack-
mountable. Design and size interconnect centers to accommodate all fibers entering equipment
cabinets with additional 50% spare capacity. '

For locations where more than two 12-fiber cables enter and terminate inside a cabinet, furnish
large, modular interconnect centers designed to mount inside equipment cabinets. Furnish large
interconnect centers with sufficient number of modules. Furnish large interconnect centers that are
rack-mountable. Design and size large interconnect centers to accommodate all fibers entering
equipment cabinets with additional 50% spare capacity. .

Provide splice trays that hold, protect, and organize optical fibers, and secure fibers inside splice
tray. Design and size splice trays to be dielectric, to accommodate all fibers entering the splice tray,
and to provide sufficient space to prevent microbending of optical fibers. Provide connector panels

with ST-type connectors.

Furnish SMFO pigtails with each interconnect center. Provide pigtails that are a maximum of 6
feet in length with a factory assembled PC-ST connector on one end. Ensure that the SMFO pigtails
meet the operating characteristics of the SMFO cable with which it is to be coupled.

Furnish SMFO jumpers that are a minimum of 3 feet in length with factory assembled PC-ST
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connectors on each end. Ensure that SMFO jumpers meet the operating characteristics of the SMFO
cable with which it is to be coupled.

C. Splice Enclosure

Furnish splice enclosures that are re-enterable using a mechanical dome-to-base seal with a flash
test valve, and are impervious to the entry of foreign material (water, dust, etc.). Ensure enclosures
are manufactured in such a manner to be suitable for aerial, pedestal, buried, junction box, and
manhole installation.

Provide enclosures with a minimum of one over-sized oval port that will accept two cables with
a minimum of four round ports (for single cables) that will accommodate all cables entering
enclosure. Provide heat shrink cable shields with enclosure to ensure weather tight seal where each

cable enters enclosure.

- Within enclosures, provide enough hinged mountable splice trays to store the number of splices
required, plus the capacity to house six additional splices. Provide a fiber containment basket for
storage of loose buffer tubes expressed through the enclosure. Ensure enclosures allow sufficient

space to prevent microbending of the buffer tubes when coiled.

Provide splice trays that hold, protect, and organize optical fibers, and that secure fibers inside
the splice tray. Provide splice trays that are dielectric.

17.3. CONSTRUCTION METHODS
A. General

Install interconnect centers with connector panels, splice trays, storage for slack cable or fibers,
mounting and strain relief hardware, and all necessary hardware.

Install splice enclosures with splice trays, basket containment assemblies, racking for slack cable
or fibers, mounting and strain relief hardware, and all other necessary hardware.

Fusion splice and secure SMFO cable in splice trays inside the splice enclosure. Ensure all buffer
tubes are contained within splice trays so no bare fibers are outside tray.

Do not exceed 0.05 dB of attenuation per splice.

Furnish strain relief so that no tensile force is on the SMFO cable when it is held within the

interconnect center or aerial splice enclosure.

Do not damage fiber of violate the minimum bending radius of the fiber.

98 print date: 02/23/09



U-5016 Goldsboro Signal System 1414
Intelligent Transportation Systems Section

B. Termination and Splicing within Interconnect Center
Terminate and splice all fibers including unused fibers as called for in the Splice Diagrams.
Label all fiber-optic connectors, whether on jumpers, connector panels, or other equipment, to
prevent improper connection. Obtain approval of the fiber-optic connector labeling method.

For all fibers designated for termination to connector panel within the interconnect center, fusion
splice the fibers to the pigtails.

For all cut fibers designated to pass through interconnect center, fusion splice fibers.

For all buffer tubes designated to pass through interconnect center, neatly coil the excess tubing

inside the interconnect center.

C. Termination and Splicing within Splice Enclosure

Fusion splice all fibers as called for in the Splice Diagrams. Do not cut fibers designated to pass-

- through splice enclosure (expressed).

For all buffer tubes designated to pass through splice enclosure without splicing (expressed),
neatly coil the excess tubing inside basket provided with enclosure. Do not cut pass-through
(expressed) buffer tubes.

Label all fiber-optic splices. Obtain approval of fiber-optic connector labeling method.

Install heat shrink cable shields using methods recommended by the manufacturer of the
enclosure. Perform a pressurization flash test on the enclosure in accordance with the manufacturer’s
recommended procedures at the conclusion of the splicing procedure and before the final placement

of enclosure.

For aerial installations, secure enclosures to messenger cable using manufacturer supplied
hardware. Secure SMFO cable and drop cable assemblies to snowshoes.

Install enclosures with enough slack cable to allow enclosure to be lowered to ground level and
extended into a splicing vehicle that is located within 10 feet of the equipment cabinet.

For underground, manhole, and junction box facility installations, place the enclosure along with
required spare cables in the facility in a neat and workmanship like manner and insure that no
standing water remains in junction box. Do not place the splice enclosure in bottom of junction box.
Do not damage cable or violate the minimum bending radius of the cable. ’

D. Testing

Provide written notification a minimum of ten days beforé beginning OTDR tests. Test whole
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segments following installation. Test all existing fibers prior to reuse. Provide any software
necessary to view and print OTDR test results at no cost to the Department.

After splicing is completed and before enclosure is sealed, perform bi-directional OTDR test on
each fiber, including unused fibers. Install 1000 foot pre-tested launch cable between the OTDR and
- fiber optic to be tested.

Ensure fusion splice losses do not exceed 0.05 dB and connectors have a loss of 0.5 dB or less. If
any fiber exceeds maximum allowable attenuation or if fiber properties of the cable have been
impaired, take appropriate actions up to and including replacement of the fiber cable. Corrective
action will be at no additional cost to the Department.

Clearly label each OTDR trace identifying a starting and ending point for all fibers being tested.
Record the attenuation level of each fiber and clearly indicate OTDR trace results in report format.

- Furnish one hard copy of each of the OTDR trace results and electronic copies of all trace results on

a compact disk. Furnish the manufacturer’s make, model number, and software version of the OTDR

used for testing.

E. Modify Existing Interconnect Center or Splice Enclosure

At locations shown in the Plans, the Contractor shall reuse an existing cabinet interconnect
center or an existing splice enclosure to facilitate the splicing of an additional communications cable.
The Contractor shall ensure that all existing, unmodified splices are functional and operating in their
same condition after performing any work in an existing splice enclosure or cabinet. The Contractor
shall also ensure that any modifications do not cause downtime of the terminating communication
cables during normal business hours. All existing fibers shall be tested according to the requirements

above.
17.4. MEASUREMENT AND PAYMENT

Interconnect center will be measured and paid as the actual number of fiber-optic interconnect
centers furnished, installed, and accepted.

Interconnect center (large) will be measured and paid as the actual number of large fiber-optic

interconnect centers furnished, installed, and accepted.

Interconnect centers to be located in equipment racks in buildings are incidental to the building

modifications and shall not be paid for separately.

Splice enclosure will be measured and paid as the actual number of fiber-optic splice enclosures
furnished, installed, and accepted. No measurement will be made between aerial, underground,
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manhole, or junction box installation of the fiber-optic splice enclosure.

Modify existing intérconnect center or splice enclosure will be measured and paid as the actual

number of existing splice enclosures or cabinets modified and accepted.

No measurement will be made of splice trays, pigtails, j ufnpers, connector panels, and testing, as
these will be considered incidental to furnishing and installing fiber optic interconnect centers and

aerial splice enclosures.

Payment will be made under:

INtErCONNECT CONLET ...coueiiniiiiieeiieeteeeee ettt e et st e s e st e e s et e entesaes e e e e seesmaanns s Each
Interconnect Center (LArZE) ........eeverruieiereeririeeeeeteree et ee et e ste st esee s ae e st essaesaessaesnessaessaasseeses Each
SPIICE ENCIOSUTE. ....oooveiiiiiiice ittt bbb s st s e st s et Each
Modify Existing Interconnect Center or Splice Enclosure ......... ettt ettt ettt r s nenas Each

101 o print date: 02/23/09



U-5016 Goldsboro Signal System B
Intelligent Transportation Systems Sectioh- 144

18. FIBER OPTIC TRANSCEIVERS
18.1. DESCRIPTION

Furnish and install fiber-optic transceivers with all necessary hardware in accordance with the
plans and specifications. Comply with the provisions of Section 1700 of the Standard Specifications.

Furnish shelf-mounted, modular designed, single mode fiber-optic transceivers and all necessary
hardware that are compatible with the system equipment and designed for RS-232 drop-and-repeat
communications. Do not provide transceivers that are internal to the system equipment. Provide
identical transceivers at all locations and that are capable of being interchanged throughout the

system.

18.2. MATERIALS
A. General

Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL. '

B. Compatibility

As shown in'the Plans, new fiber optic transceivers are to be installed at signal cabinets within
the existing NCDOT closed loop systems and the existing fiber optic transceivers are to be removed.
The Contractor may choose, with no change in the pay item unit cost, to provide new transceivers
that are IFS D9130 series model and reuse the existing transceivers at the following twelve

locations: _
04-0557 Elm St and NC 581/US 117
1 04-0743 US 70 and Little River Shopping Center
04-0764 US 70 and Perkins Mill Rd |
04-0845 US 70 Grantham St and Elizabeth St
04-0850 Ash St (NC 581) and US 117 Bypass SB on ramp
04-0889 Ash St (NC 581) and US 117 Bypass NB off ramp
04-1103 US 70 and Clairidge Nursery Rd
04-1278 US 117 and US 117 ALT
04-1279 Us 117/ NC 581 and Stevens Mill Road
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04-1280 US 117 SB ramp and US 70
04-1281 US 117 NB ramp and US 70
04-1308 US 70 and Grantham St (Faith Free Will Baptist Church Driveway)

C. Shelf Mounted Transceivers

Stand-alone, shelf mountable, transceivers are to be provided in signal controller cabinets.
Furnish stand-alone transceivers in an aluminum housing that has been treated to prevent corrosion.
The transceivers shall conform to standard mounting and interconnection provisions within the
cabinet. The mounting plate for the transceivers shall have mounting holes manufactured to
tolerances to assure interchangeability of units within controller cabinets.

Fumish shelf mounted transceivers that transmit and receive RS-232/optical pulse signals to and
from the head-end and to each remote field cabinet.

Provide LED's on the front panel of transceivers for power, and transmitting and receiving
indications. Comply with the following:
e Input Power: 115 VAC
¢ Minimum Loss Budget: 17 dB with corresponding receiver
e Operating Distance: 10 miles, minimum |
e Operating Wavelength: 1310 or 1550 nm
e Optical Connector: ST
e Signal Connector: Female Plug Type
o Temperature Range: 0 to 150 degrees F

D. Rack Mounted Transceivers

Rack-mounted chassises shall be used to house the transceivers installed in the IT Room. FOT
rack-mounted chassises shall be prbvidéd and shall be incidental to the cost of the transceivers. The
chassis shall be fabricated of anodized aluminum, designed for mounting in a 19 inch rack and not
exceed three (3) standard mounting units in height (5.25 inch). The chassis shall contain a power
converter compatible with the transceiver cards power requirements. The chassis shall include
provisions for interconnecting cabling. The chassis shall be designed to accommodate a minimum
of ten (10) transceiver cards that shall be easily mountable and removable from the chassis. When
installed in the chassis, transceiver cards shall be securable. The front panel shall include functional
identification markings in accordance with EIA 606. The transceiver cards shall be configured
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where they cannot be installed into a chassis in the wrong position (i.e., keyed).

Furnish rack mounted transceivers that transmit and receive RS-232/optical pulse signals to and
from the head-end and to each remote field cabinet. Rack mounted transceivers shall be fully
compatible with the shelf mounted transceivers installed in field cabinets.

Provide LED's on the front panel of transceivers for power, and transnﬁtting and receiving

indications. Comply with the following:
e Input Power: 115 VAC
e Minimum Loss Budget: 17 dB with corresponding receiver
e Operating Distance: 10 miles, minimum
e Operating Wavelength: 1310 or 1550 nm
e Optical Connector: ST
e Signal Connector: Female Plug Type
e Temperature Range: 0 to 150 degrees F

E. Video Transceivers

The video optical transceiver with control data (VOTR-D) shall consist of a pair of electronic
units referred to as the video optical transmitter with control data (VOT-D) and video optical
receiver with control data (V OR—D). When interconnected by means of a single-mode fiber optic
. cable the units shall communicate real-time National Television Standards Committee (NTSC)
compliant video from input to output and shall support full duplex RS-232 digital status and control
signal communications. The VOT-D shall be interfaced to an NTSC video signal by means of a
BNC connector with 75 ohms impedance. The VOR-D shall provide NTSC RS-250B compatible
electrical signal at the BNC output connector driving a 75 ohm impedance. The NTSC output signal
level shall be 1 volt peak-to-peak.

The function of the VOTR-D pair shall be to communicate NTSC video, associated status, and
control data from a closed-circuit television (CCTV) camera location to the IT Room using one

single-mode fiber.

Variable optical attenuators to accommodate a flexible separation distance between each VOT-D
and VOR-D pair shall be provided and shall be incidental to the cost of the VOTR-D devices. The
equipment shall not cause rapid aging of the optical receiver, nor allow the optical receiver to reach
optical or electrical saturation thereby causing high bit errors.
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The VOTR-D shall have a Mean Time Between Failure of 43,800 hours when operated as a pair.

E.1. Optical/Electrical Parameters

An ST type connector on each of the transmitter and receiver units shall provide the optical
interface. The optical interface shall accommodate a single mode fiber operating at 1310 nm and/or
1550 nm. The VOTR-D shall accommodate a minimum link loss budget of 25 dB at 1310 nm
and/or 18 dB at 1550 nm including a 3 dB safety ma.rgiﬁ. The optical dynamic range shall be equal
to or exceed the link loss budget. When a signal complying with NTSC standards and EIA-250C is
applied to the transmitter inputs, the output of the receiver shall provide an undistorted, NTSC and
EIA-250C standard signal output when link loss budget is not exceeded. The optical transmitter shall
use high reliability laser diodes and optical sensors.

E.1.1. Video Communications

‘When operated within its power, link loss budget and environmental specifications the VOTR-D
pair shall comply with EIA-250C, medium haul video transmission standards. The VOTR-D shall
provide a 10 MHz (3 dB) minimum video bandwidth. The transmission technique use between the
receiver and transmitter shall be frequency modulation. Differential gain and differential phase shall
comply with EIA-250C medium haul video requirements. Video linearity shall be 3% percent
maximum. Output voltage shall be one volt peak-to-peak per EIA-170. Signal-to-noise shall comply
with requirements specified in EIA-250C when measured at the output of the VOR-D with input
signals to the VOT-D in compliance with EIA-250C and fiber interconnected to accommodate signal
loss within specified link budget. Signal-to-noise (S/N) shall be 60 dB minimum at the receiver
electrical output with an equal or greater S/N of the input signal to the video optical transmitter.

E.1.2. RS-232/RS-422 Communications

The VOTR-D shall provide a communications reliability of one error in 109 bits minimum when
operated within link lq_ss budgets, power tolerances and operating environment as specified. Full
duplex RS-232 communications shall be acc()mmodated at data rates of 1200, 2400, 4800, 9600 and

19.2 kbps. |
E.13.  Modulation and Multiplexing

Frequency multiplexing and frequency modulation and demodulation shall be utilized.
E'l_‘4' Electrical Interfaces

Video Electrical Signal — The transmitter shall contain a BNC connector that will abcept an
NTSC color video signal complying with EIA-250C signal standards. Input impedance shall be 75
ohms. Receiver shall contain a UG-88 BNC connector and shall provide a 75 ohm impedance.
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Output signal level shall comply with NTSC and associated EIA-250C video standards.

Camera Control Digital Signal — The VOTR-D shall accommodate an RS-232 and RS-422
interfaces with dip switch selectability. Input and output signals shall comply with EIA standards.
When the dip-switch is in RS-422 mode, the VOT-D shall convert the RS-422 format to RS-232 and
then to an optical format for transmission to the VOR-D and vice-versa. The VOR-D shall provide
both, via dip-switch selection, RS-232 and RS-422 signal formats and the selection of this format
shall be independent of the format selected on the VOT-D. A standard RJ-45 or DB-25 connector
shall be provided to accommodate this interface. Any necessary cable adapter and cables necessary
to interface with the CCTYV field equipment and the communications server shall be provided and
shall be incidental to the cost of the VOTR-D devices.

E.2. Physical Requirements

Connectors shall be located on the transceivers for convenient cable attachments. Strain relief
shall be included on all cables provided with the transceivers. Signal indicators shall be easily
viewable when the transceivers are mounted in equipment cabinets and in the IT Room. All
connectors and indicators shall be marked. All replaceable components shall be marked, and all
markings shall conform to supplied documentation, including schematics and parts lists. The
transceivers’ external markings shall include the product name, model number, part number, serial

number, manufacturer’s name, and manufacturer’s address.

Construction and materials selection for the transceivers shall prevent fungus growth and

cathodic action.

Standalone, shelf mountable, VOT-D devices are to be provided at field CCTV camera locations.
VOT-D devices shall be external to the new CCTV equipment. Furnish standalone transceivers in an
aluminum housing that has been treated to prevent corrosion. The standalone VOT-D devices shall
be interchangeable between field cabinets. For this reason, the transceivers shall conform to
standard mounting and interconnection provisions within the field cabinet. The mounting plate for
the transceivers shall have mounting holes manufactured to tolerances to assure interchangeability of

units within field cabinets.

Rack-mounted chassis shall be used to house the VOR-D devices installed in the IT Room.
VOR-D rack-mounted chassises shall be provided and shall be incidental to the cost of the VOR-D
devices. The chassis shall be fabricated of anodized aluminum, designed for mounting in a 19-inch
rack, not exceed three (3) standard mounting units in height (5.25 inches). The chassis shall contain
a power converter compatible with VOR-D card poWef requirements. The chassis shall include
provisions for interconnecting cabling. The chassis shall be designed to accommodate a minimum
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- of ten (10) VOR-D cards that shall be easily mountable and removable from the chassis. When
installed in the chassis, VOR-D cards shall be securable. The front panel shall include functional
identification markings in compliance with EIA 606.

E.3. 'Power Requirements

The VOTR-D power input circuitry shall be designed to protect the electronics from damage
from a power surge or an under voltage condition without causing damage to electronics. Over and
under voltage condition is considered to be a power failure and therefore the VOTR-D does not have
to perform to specification during this condition. The VOTR-D shall automatically recover from an
over or under voltage condition when the prime power has returned to values defined by this

specification.

Standalone VOT-D devices shall receive the power from a step-down transformer supplied with
* the unit. The transformer shall receive 120 VAC +15%, 60 Hz +10% prime power from a utility
power strip within a field cabinet. A three-prong, DB-9 power connector shall be provided with the
transformer. The power cable from the transformer to the transceiver shall be 6 feet (minimum) and
terminated with a compatible female connector or with leads prepared for easy attachment to a
terminal block on the VOT-D. Open power terminals shall not be used. Power input requirements
(voltage and current) shall be marked on the transceiver housing.

The VOR-D chassis shall be capable of receiving 115 VAC +10 percent, 60 Hz £5 percent
power, and have the means to convert the input power as needed to support the power requirements
of the VOR-D electronics. Provisions shall be included in the design to prevent damage from
lightning, caused by any metallic cable interconnect with the VOR-D. The VOR-D chassis shall
include AC-to-DC power conversion, power filtering and regulation to accommodate internal circuit
requirements. Power interconnect to the VOR-D chassis shall be through a DB-9 power connector

or screw terminals on the electronics unit. Open power terminals are unacceptable.

E.4. Environmental Requirements

The VOTR-D shall conform to performance specification when operated in the following

environment:
e Temperature: -22°F to +160°F
e Humidity: 0 to 98 percent relative humidity with minimal condensation

No cooling air flow shall be required for VOTR-Ds in field cabinets. The unit shall be sealed to
prevent damage by blowing sand and dust within a field cabinet. Units shall be shipped with

protective covers over all connectors.
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18.3. CONSTRUCTION METHODS
A. Shelf and Rack Mounted Transceivers

Install fiber-optic transceivers in each signal controller equipment cabinet and comply with the

manufacturer’s installation instructions.

Install and integrate stand-alone transceiver units into signal cabinets at locations shown in the

Plans.

Install transceiver rack mount chassis(es) as required into rack cabinet in IT Room as shown in
the Plans to accommodate all transceiver units. Integrate units with the communication server.
Clearly label all data transceiver units and associated jumper cables by their respective channel

number.

B.  Video Transceivers
Furnish, install, and fully integrate VOT-D units in the CCTV cabinets in the field as shown in
the Plans.

Furnish, install, and fully integrate VOR-D units into the rack cabinet in the IT Room. Integrate
control data from VOR-D with video server and integrate video from VOR-D with video matrix
switch. Furnish all cables required to connect transceivers with communications network. Clearly
label all video transceiver units and associated jumper cables by their respective CCTV camera

number used in the Plans.

Furnish and install video transceiver rack chassis(es) into the rack cabinet in the IT Room.
Furnish jumpers of sufficient length to connect the transceivers to the fiber termination panel.

18.4. MEASUREMENT AND PAYMENT

Fiber Optic Transceiver, Drop & Repeat will be measured and paid for the actual number
installed, integrated, and accepted in accord with the following conditions: 75% of the payment will
be made upon acceptance of the installed unit; 25% of the payment will be made following final
acceptance of the integrated system (including completion of the 60 day observation period).

Video Optical Transceiver with Data will be measured and paid for the actual number installed,
integrated, and accepted in accord with the following conditions: 75% of the payment will be made
upon acceptance of the installed unit; 25% of the payment will be made following final acceptance
of the integrated system (including completion of the 60 day observation period).

Payment will be made under:

Fiber Optic Transceiver, Drop & Repeat ............. Each

108 ‘ print date: 02/23/09



U-5016 Goldsboro Signal System - - =« 154
Intelligent Transportation Systems Section

Video Optical Transceiver With Data ..ottt
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19. DELINEATOR MARKERS
19.1. "DESCRIPTION

Furnish and install delineator markers with all necessary hardware.
19.2. MATERIALS

A. Post Mount Markers (Type 1)

Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL.

Furnish tubular delineator markers, approximately 6 feet long, and constructed of a Type III,
high density polyethylene material. Provide delineator assemblies that are ultraviolet stabilized to
help ﬁrevent components from color fading, warping, absorbing water and deterioration with
prolonged exposure to the elements. Provide delineators designed to self-erect after being knocked
down or pushed over. Provide orange delineators posts.

Provide text, including the contact number, hot stamped in black on a yellow reflective
background material that will not fade or deteriorate over time. Provide delineator markers with a
nominal message height of 15 inches and that contain text visible from all directions approaching the
assembly: '

For all markers of signal system or City IT cable, use the following text:

FIBER OPTIC
CABLES
BEFORE EXCAVATING

OR IN AN EMERGENCY
CALL 919-739-7428

WARNING

CITY OF GOLDSBORO

B. Flush Mount Markers (Type 2)

~ Furnish flush mount above ground delineator markers constructed of a Type III high density
polyethylene material. Provide markers with a 7 inch diameter disk and 13 inch barb stake.

Provide text, including the contact number, printed in black on an orange reflective background

110 print date: 02/23/09



U-5016 Goldsboro Signal System
Intelligent Transportation Systems Section °

153

material that will not fade or deteriorate over time.

For all markers of signal system or City IT cable, use the following text:

WARNING

CITY OF GOLDSBORO
BURIED FIBER OPTIC CABLES

BEFORE EXCAVATING OR IN AN EMERGENCY
CALL CITY OF GOLDSBORO 919-739-7428

19.3. CONSTRUCTION METHODS

Install delineator markers using a method per manufacturer’s recommendation that ﬁrmly' and
securely anchors the delineator marker in the ground to prohibit twisting and easy removal.

19.4. MEASUREMENT AND PAYMENT
Delineator marker ( ) will be paid for by the actual number furnished, installed, and

accepted.

Payment will be made under: .
DeliNEator MATKET (1) cocuieeieereeieeieeeeceeteeeeeeeeete e ee e e e aee e s s aesas s esa s seesnaesn e nsnesrseesseesersensassnnens Each
Delineator Marker (2) ...................... etereeeseeeessesesssseesessstesssstesessssesssseesesseseseesrneeseeeieseeesseeiannneeeanns Each
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20. CABLE TRANSFERS
20.1. DESCRIPTION

Remove and reinstall communications cable for pole relocations.
20.2. CONSTRUCTION METHODS

During project, transfers of existing communications cable to new poles may be required.
Perform such transfers where directed by the Engineer. Remove existing cables from pole to be
removed and reinstall these cables and any existing attachment hardware on the new pole. Remove
all communications hardware from existing pole. Furnish and install any new attachment hardware

as required.
20.3. MEASUREMENT AND PAYMENT

Cable transfer will be measured and paid as the actual number of cable transfers with attachment
hardware to new poles furnished, installed, and accepted.

Payment will be made under:

CADE TTANST O . .. e eee e eeeseesesste st esesaaeeaaasaeasaamneeeasaeasansannnnnnnnnnnnnamnneneeemmnameesmaeeesesassasnnnn Each
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21. BUILDING MODIFICATIONS AND FIBER OPTIC CABLE TERMINATION
21.1. DESCRIPTION

At locations called for in the Plans, route fiber optic cable in new and/or existing conduit and
install conduit into buildings as shown. Terminate fiber optic cable into fiber interconnect centers in
building as shown in the Plans. Modify rooms and furnish and install cable and cable routing
facilities as shown in the Plans.

All construction to reach a building (including up to installing a new junction box at an exterior
wall) is paid for using other pay items in these Project Special Provisions. All construction to enter a
building (including all work from creating a new entrance or integrating with an existing entrance)
and making internal provisions for terminating cables are covered under these building modification

pay items.
21.2. MATERIALS
A. General

Use risers and conduit materials as called for in the Standard Specifications or these Project

Special Provisions.

Use caulking and sealing materials for sealing entrances into buildings as approved by the
Engineer.
Use new cable raceways, electrical boxes, and metallic conduit as approved by the Engineer.

Where called for in the Plans, use thin-walled EMT conduit that complies with the NEC and
EIA/TIA Standard 569 and commercial building standards for telecommunications pathways.

The Owner of each facility will be providing any furniture noted in the Plans.

B. Interconnect Center

Furnish compact, modular interconnect centers designed to be rack mounted in a standard 19”
rack cabinet. Furnish interconnect centers with 12-position modules from the Cornihg LANSscape
line of equipment, or as approved by the Engineer. Design and size interconnect centers to
accommodate all fibers entering interconnect centers with additional 50% spare capacity for future

splicing and terminations.

Provide splice trays that hold, protect, and organize optical fibers, and secure fibers inside splice
- tray. Design and size splice trays to be dielectric, to accommodate all fibers entering the splice tray,
and to provide sufficient space to prevent microbending of optical fibers. Provide connector panels
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with ST-type connectors.

" Furnish SMFO pigtails with each interconnect center. Provide pigtails that are a maximum of 6
feet in length with a factory assembled PC-ST connector on one end. Ensure that the SMFO pigtails
meet the operating characteristics of the SMFO cable with which it is to be coupled.

Furnish SMFO jumpers that are a minimum of 3 feet in length with factory assembled PC-ST
connectors on each end. Ensure that SMFO jumpers meet the operating characteristics of the SMFO

cable with which it is to be coupled.
21.3. CONSTRUCTION METHODS
A. General

Contact Engineer prior to entering any building. Coordinate and obtain approval from Engineer

regarding allowable working time in buildings.

Prior to core drilling or otherwise creating new entrance into an existing building, obtain
approval of methods and materials from the Engineer. In all cases create entrance that is

weatherproof and water tight.

Whenever possible, use existing cable raceways, ducts, raised floors, and drop ceilings to route

fiber optic cable.

Perform all work called for in the plans to enter building, install cable conduits and cable
raceways, and to route cabling in raised floors, drop ceilings, and new and existing conduits.

Where applicable, install firestop around new conduit when penetrating walls.
Terminate all optical fibers in interconnect centers unless otherwise shown on the Plans.

Install interconnect centers with connector panels, splice trays, storage for slack cable or fibers,
mounting and strain relief hardware, and all necessary hardware.

Label all fiber-optic conhectors, whether on jumpers, connector panels, or other equipment, to
prevent improper connection. Obtain approval of the fiber-optic connector labeling method.

For all fibers designated for termination to connector panel within the interconnect center, fusion
splice the fibers to the pigtails. '

B. City Hall Building, Basement ‘

Install equipment and route fiber optic cables into City Hall basement IT Room as shown in the
Plans. Install new EMT conduit and attach to the ceiling using hangers on a 10’ spacing, or the
spacing of hangers on existing building conduits, whichever is less.
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Install new electrical service to the IT Room as shown on the building details in the Plans. Do
not perform any electrical work in the City Hall building without permission. Contact the Engineer
for the proper City supervisor and notify the person at least 24 hours prior to beginning any electrical
work for permission. Perform all work in accordance with NESC regulations and guidelines.

For the IT Room, install new electrical service to provide three (3) 30A 120V receptacles for the
equipment rack cabinets. At the appropriate electrical subpanel, install three (3) 30A single pole
circuit breakers in the empty slots. All circuit breakers installed shall be Square D-QOB models.
Route new wire from receptacle to electrical subpanel in new EMT conduit. The Contractor shall
confirm all wire sizes and circuit breaker configurations prior to beginning any electrical work as
conditions may have changed since these Project Special Provisions were written.

C. City Hall Building, First Floor

Install equipment and route fiber optic cable in new EMT conduit from the City Hall IT Room
into TOC room as shown in the Plans. Install new EMT conduit and attach to the ceiling using
hangers on a 10’ spacing, or the spacing of hangers on existing building conduits, whichever is less.

Install new electrical service to the TOC Room as shown on the building details in the Plans. Do
not perform any electrical work in the City Hall building without permission. Contact the Engineer
for the proper City supervisor and notify the person at least 24 hours prior to beginning any electrical
work for permission. Perform all work in accordance with NESC regulations and guidelines.

For the TOC Room, install new electrical service to provide two (2) 30A 120V receptacles for
the equipment rack cabinets and video displays. At the appropriate electrical subpanel, install two (2)
30A single pole circuit breakers in the empty slots. All circuit breakers installed shall be Square D-
QOB models. Route new wire from receptacle to electrical subpanel in new EMT conduit. The
Contractor shall confirm all wire sizes and circuit breaker configurations prior to beginning any
electrical work as conditions may have changed since these Project Special Provisions were written.

D. City Public Works Building

Install equipment and route cables into the City Public Works building as shown in the Plans.
Install new EMT conduit and attach to the wall, or ceiling if space is available, using hangers on a
10’ spacing. |

Install new electrical service to the work area as shown on the building details in the Plans. Do
not perform any electrical work in the Public Works building without permission. Contact the
Engineer for the proper City supervisor and notify the person at least 24 hours prior to beginning any
electrical work for permission. Perform all work in accordance with NESC regulations and
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guidelines.

For the work area, install new electrical service to provide two (2) 30A 120V receptacles for the
equipment rack cabinet, workstation, video display, and test cabinet/controller. At the appropriate
electrical subpanel, install two (2) 30A single pole circuit breakers in the empty slots. All circuit
breakers installed shall be Square D-QOB models. Route new wire from receptacle to electrical
subpanel in new EMT conduit. The Contractor shall confirm all wire sizes and circuit breaker
configurations prior to beginning any electrical work as conditions may have changed since these

Project Special Provisions were written.
21.4. MEASUREMENT AND PAYMENT
Building Modifications will be measured and paid as a lump sum price.

This item shall include all work required to route and terminate the fiber optic cable into the
buildings as shown as well as any other work not called for under other items but required to

accomplish the building modifications.

No separate payment will be made for interconnect centers, patch panels, wall sockets and
outlets, splicing, conduit, and cable routing within building as this will be considered incidental to

building modifications.

No separate measurement will be made for computer hardware, video head-end equipment, and
rack cabinets, as these will be measured and paid for elsewhere in these Project Special Provisions.

Payment will be made under:
~ City Hall Building ModifiCations ............c.coceureuerteenentnieneneetrssecesestesesee e s s seseesesesenees Lump Sum
Public Works Building Modifications ...........cccceeeieerernrinicneretescncenscsetecsee e eeeasneeesens Lump Sum
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22. SIGNAL CABINET FOUNDATIONS

22.1. DESCRIPTION
Furnish and install signal cabinet foundations and all necessary hardware.

Furnish either poured concrete foundations or preformed cabinet pad foundations and all

necessary hardware. Obtain approval of foundation type.

“Where approved by the Engineer, install conduit entrances into existing foundations in

accordance with the plans and specifications.

Modify existing foundations in accordance with the Plans and Project Special Provisions. At
locations with where sidewalk, decorative brick pavers, or surface treatments or landscaping
treatments are removed or damaged as part of the cabinet foundation installation, replace and restore
to pre- ~construction condition using same material.

22.2. MATERIALS

Preformed cabinet pad foundation material, equipment, and hardware furnished under this
section shall be pre-approved on the Department’s QPL.

Comply with Article 1000-4 Portland Cement Concrete.

Provide foundations with a minimum pad area that extends 24 ihches from the front and back of

the cabinét, and 3 inches from the sides of the cabinet.
Furnish cabinet foundations with chamfered top edges. Provide minimum Class B concrete.

Provide preformed cabinet pad foundations with opening not to exceed the maximum conduit
spread for the cabinet mounting configuration on that foundation as shown in the Plans. Ensure that

no more than four 3/4 inch holes are cast or drilled in each pad.
Comply with the provisions of section 1750-2 of the Standard Specifications.

- Replacement sidewalk where required to restore locations to preconstruction condition shall be
replaced in whole panels and shall meet the requirements of Section 848 of the Standard

Specifications.

‘Replacement brick pavers where required to restore locations to preconstruction condition shall
be of the same color and materials of the damaged or modified items

Replacement of other special pavement treatments or landscaping required to restore locations to
preconstruction condition shall be the same materials of the damaged or modified items
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22.3. CONSTRUCTION METHODS

A. General
Comply with Section 825 of the 2006 Standard Specifications for Roads and Structures
regarding Incidental Concrete Construction.

Obtain approval for final cabinet foundation locations before pouring the concrete base. Locate
new cabinets so as not to obstruct sight distance of vehicles turning on red or create any ADA

violations or pedestrian conflicts.
Do not install foundations over uncompacted fill or muck.
Use procedures, equipment, and hardware as follows:
e Hand tamp soil before placing the concrete.

e Maintain 12 inches minimum from service pole to the closest point on foundation unless

otherwise approved.

e Use a minimum of four 1/2 inch diameter expanding type anchor bolts to secure the

cabinet to foundation.
e Install minimum 4 inches above and 4 inches below finished grade.

¢ Locate external stubbed out conduit at the cabinet foundation so conduit is in middle of
~ cabinet. Provide service conduit as the rightmost conduit coming into cabinet. Provide
two spare conduits stubbed out; one pointed toward service pole and the other toward
direction of lead-in cable. Inscribe an identification arrow in foundation indicating

direction of spare conduits.
¢ Give cabinet foundation a broom finish.

o Seal space between cabinet base and foundation with permanent, flexible, waterproof

sealing material.
e If using preformed cabinet pad, ensure ground is level before installation.
B. Install Conduit Entrance into Existing Foundation

Install Conduit Entrances into existing cabinet foundations by core drilling foundations to install
additional conduit.

~ Maintain a minimum of 3 inches of cover between new conduit and edge of foundation. Maintain
minimum clearances of 1 inch from the flange of the base adapter and 2 inches from existing
conduits. Avoid damaging existing conduit, conductors, and anchor bolts. Repair all such damages.
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Where approved by the Engineer, the foundation may be chipped instead of drilled for conduit
entrance. When possible, maintain traffic signal operations while drilling is performed.

If new metallic conduit is used, bond conduit to the cabinet grounding system.

After installation of conduit, place grout to seal around conduit, and return the foundation to

normal appearance.

S OX Modify Foundation

Enlarge existing cabinet foundations to accommodate the new cabinet and/or to provide a
maintenance technician pad(s).

Excavate the ground around the exisﬁng foundation to a depth sufficient to expose a minimum of

4 inches of the foundation below existing grade.

Rough the sides of the existing foundation from the top to a point 4 inches below grade by means
of a chisel or other method approved by the Engineer.

Wash the sides of the foundation with water pressurized at 50 psi and thoroughly dry with
compressed air.

Drill holes approximately 12 inches deep on 12-inch centers into the existing foundation. Install
#4 dowels and epoxy into place. Provide dowels of the following lengths:

Foundation Extension | Length of Dowel

>16” 24
>6” and <16 177
=6" 14”

‘Use concrete to install the maintenance technician pad.
Form the sides of the modified foundation to a minimum depth of four inches below grade.

Position forms so that all existing exposed foundation surfaces at or above gradé level will be

matched.

Apply a Coating of approved epoxy bonding agent to all exposed roughened concrete surfaces as
recommended by the manufacturer.

Enlarge the foundation to the distance specified for new cabinet foundations. Provide a 1-inch

chamfer on all new outside edges.

119 : » print date: 02/23/09



U-5016 Goldsboro Signal System e 162
Intelligent Transportation Systems Section

Maintenance technician pads should be added to the foundation to provide a minimum work area
of 24 inches (length) x 30 inches (width) from both the front and rear doors of the cabinet. '

22.4. MEASUREMENT AND PAYMENT

Signal cabinet foundation will be measured and paid as the actual number furnished, installed,

and accepted.

No separate payment will be made for removing existing signal cabinet foundations, as this will
be considered incidental to the installation of new foundations.

Condluit entrance into existing foundation will be measured and paid as the actual number

installed and accepted.

Modify foundation for controller cabinet will be measured and paid as the actual number

installed and accepted.

4” concrete sidewalk will be measured and paid as the actual square yards of concrete installed

- and accepted.

Brick pavers will be measured and paid as the actual square footage of pavers installed and

accepted.

Pa_yment will be made under:

Signal Cabinet FOUNAAHON. .......c..ecuuuuereeeeeeessessessoseessesssssesssssesssnssesseesemesesssessosseeseessmeseeessseeeeseee Each
Conduit Entrance into Existing Foundation..............cc.ooen Each
- Modify Foundation for Controller Cabinet............ccoceeoueereerceiienieeeteenee et seesen e snens Each
4” Concrete SIdewalk .......coooveeviiriiicinnieectieieieie e eeeterennn bttt Square Yard
Brick Pavers ....................... ........................ Square Foot
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23. CABINET BASE ADAPTER/EXTENDER
23.1.  DESCRIPTION

Furnish and install cabinet base adapters and extenders with all necessary hardware.

23.2. MATERIALS

Fabricate base adapters and extenders from the same materials and with the same finish as
cabinet housing. Fabricate base adapter and extender in the same manner as controller cabinets,
meeting all applicable specifications called for in the CALTRANS Transportation Electrical
Equipment Specifications (TEES) (dated August 16, 2002, plus Errata 1 dated October 27, 2003 and
 Errata 2 dated June 8, 2004). Provide base adapters and extenders a minimum height of 12 inches.

23.3. CONSTRUCTION METHODS

Install cabinet base adapter at locations requiring a new Model 332A cabinet on

existing/modified foundation.

Install cabinet base extender at locations of a new Model 332 A cabinet on new foundation,

unless a cabinet adapter has been called for.
Where Model 336 cabinet is used as base mount cabinet, install adapter or extender, as required.
Use permanent, flexible waterproof sealing material to:
e Seal between cabinet base and cabinet base adapter/extender,
e Seal two-piece cabinet base adapter/extender seams, and
o Seal space between cabinet base adapter/extender and foundation.
23.4. MEASUREMENT AND PAYMENT

Cabinet base adapters will be measured and paid as the actual number furnished, installed, and

accepted.

Cabinet base extenders will be measured and paid as the éctual number furnished, installed, and

accepted.
Payment will be made under:
Cabinet BASe AQAPLET ......cocceiutrreiieieieeeeeerteete s eete s e te st e et esssassaeesssstessesesaansansssessensnennensnennen Each

CaADINEE BASE EXEEIIACT ..ot e e et s e s saasasaaassasasssasassssessseseasensesareseeesreeees Each
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24. CONTROLLERS WITH CABINETS
24.1. DESCRIPTION

Furnish and install controllers with cabinets and all necessary hardware. Furnish all pole or
foundation mounting hardware, one Corbin Number 2 cabinet key, one police panel key, conflict
monitors or malfunction management units, surge protection, grounding systems, AC/DC isolator
cards, and all necessary hardware.

Hold three identical controller training sessions for maintenance personnel. Each of the identical
training sessions shall consist of five (5) consecutive days, beginning on a Monday. Conduct one of
these training sessions prior to the installation of any new controllers and cabinets on the
project.

These three sessions include training for NCDOT and City traffic engineering, signal timing, and
maintenance personnel on controller and cabinet assemblies as called for in Section 38 of these

Project Special Provisions.
24.2. MATERIALS
A. General

Material, equipment, and hardware furnished under this section must be pre-approved on the
Department’s QPL by the date of equipment installation.

B. Cabinet Prototype

The Contractor shall develop cabinet prototypes for each configuration of controller and
equipment cabinet to show how all hardware (controller, detectors, transceivers, etc.) and associated
cabling called for in these Project Special Provisions will be installed and configured in the field.
The cabinet prototypes shall be approved by the Engineer prior to the installation of that cabinet

conﬁguration.
C. Type 2070L Controllers

Conform to CALTRANS Transportation Electrical Equipment Specifications (TEES) (dated
August 16, 2002, plus Errata 1 dated October 27, 2003 and Errata 2 dated June 8, 2004) except as

required herein.

Furnish Model 2070L controllers. Ensure that removal of the CPU module from the controller

will place the intersection into flash.

The Department will provide software at the beginning of the burning-in period. Contractor shalll
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give 5 working days notice before needing software. Program software provided by the Department.

Provide model 2070L controllers with the latest version of OS9 operating software and device
drivers, composed of the unit chassis and at a minimum the following modules and assemblies:

e MODEL 2070 1B, CPU Module, Single Board

e MODEL 2070-2A, Field /O Module (FI/O)

e MODEL 2070-3B, Front Panel Module (FP), Display B (8x40)

. ‘MODEL 2070-4A, Power Supply Module, 10 AMP |

e MODEL 2070-7A, Async Serial Com Module (9-pin RS-232)
Furnish one removable data key with each 2070L controller unit.

D. General Cabinets

Provide a moisture resistant coating on all circuit boards.
Provide one V150LA20 MOV or equal protection on each load switch field terminal.

Provide a power line surge protector that is a two-stage device that will allow connection of the
radio frequency interference filter between the stages of the device. Ensure that a maximum
continuous current is at least 10A at 120V. Ensure that the device can withstand a minimum of 20
peak surge current occurrences at 20,000A for an 8x20 microsecond waveform. Provide a maximum
clamp voltage of 280V at 20,000A with a nominal series inductance of 200ph. Ensure that the
voltage does not exceed 280V. Provide devices that comply with the following:
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Frequency (Hz) | Minimum Insertion Loss (dB)
60 ‘ 0

10,000 30

50,000 55

100,000 50

500,000 50

2,000,000 60

5,000,000 40

10,000,000 20

20,000,000 25

E. Type 170E Cabinets

E.1. General

Conform to CALTRANS Transportation Electrical Equipment Specifications (TEES) (dated
August 16, 2002, plus Errata 1 dated October 27, 2003 and Errata 2 dated June 8, 2004) except as

required herein.

Furnish CALTRANS Model 3368 cabinets configured for 8 vehicle phases with power
distribution assemblies (PDAs) # 2, and 4 pedestrian phases or overlaps.

Furnish CALTRANS Model 332A base mounted cabinets with PDAs #2 and configured for 8
vehicle phases, 4 pedestrian phases, and 4 overlaps. When overlaps are required, provide auxiliary
output files for the overlaps. Do not reassign load switches to accommodate overlaps unless shown
on electrical details.

E.2. Cabinet Electrical Requirements

Provide a cabinet assembly designed to ensure that upon leaving any cabinet switch or conflict
~ monitor initiated flashing operation, the controller starts up in the programmed start up phases and

start up interval.

Furnish two sets of non-fading cabinet wiring diagrams and schematics in a paper envelope or
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container and placed in the cabinet drawer.

Provide surge suppression in the cabinet for each type of cabinet device. Provide surge
protection for the full capacity of the cabinet input file.

All AC+ power is subject to radio frequency signal suppression.

If additional surge protected power outlets are needed to accommodate shelf mounted
transceivers, modems, etc.; install a UL listed, industrial, heavy-duty type power outlet strip with a
maximum rating of 15 A / 125 VAC, 60 Hz. Provide a strip that has a minimum of 3 grounded
outlets. Ensure the power outlet strip plugs into one of the controller unit recéptacles located on the
rear of the PDA. Ensure power outlet strip is mounted securely; provide strain relief if necessary.

Connect detector test switches for cabinets as follows:

336S Cabinet 332A Cabinet

Detector Call Detector Call

Switches - Terminals Switches Terminals
Phase 1 I1-F Phase 1 I1-w
Phase 2 12-F Phase 2 14-W
Phase 3 I3-F Phase 3 I5-W
Phase 4- I4-F Phase 4 18-wW
Phase 5 I5-F ' Phase 5 J1-W
Phase 6 I6-F Phase 6 J4-wW
Phase 7 I7-F Phase7 T5-W
Phase 8 I8-F Phase 8 J8-W

Provide a terminal mounted loop surge suppresser device for each set of loop terminals in the
cabinet. For a 10x700 microsecond waveform, ensure that the device can withstand a minimum of
25 peak surge current occurrences at 1004, in both differential and common modes. Ensure that the
maximum breakover voltage is 170V and the maximum on-state clamping voltage is 30V. Provide a
maximum response time less than 5 nanoseconds. Ensure that off-state leakage current is less than
- 10 pA. Provide a nominal capacitance less than 220pf for both differential and common modes.

Provide surge suppression on each communications line entering or leaving a cabinet. Ensure
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that the communications surge suppresser can withstand at least 80 occurrences of an 8x20
microsecond wave form at 2000A and a 10x700 microsecond waveform at 400A. Ensure that the
maximum clamping voltage is suited to the protected equipment. Provide a maximum response time
less than 1 nanosecond. Provide a nominal capacitance less than 1500pf and a series resistance less

than 15 Q.

Provide surge suppression on each DC input channel in the cabinet. Ensure that the DC input
channel surge suppresser can withstand a peak surge current of at least 10,000 amperes in the form
of an 8x20 microsecond waveform and at least 100 occurrences of an 8x20 microsecond wave form
at 2000 A. Ensure that the maximum clamping voltage is 30V. Provide a maximum response time

less than 1 nanosecond and a series resistance less than 15 Q per line.

Provide protection for each preemption or 120 Vrms single phase signal input by an external stud
mounted surge protector. Ensure that a minimum stud size of 1/3 inch, and Number 14 AWG
minimum sized wire leads with 1 foot minimum lengths. Ensure that a peak surge trip point less than
890 volts nominal for a 600 volt rise per microsecond impulse, and 950 volts nominal for a 3000 volt
per microsecond rise impulse. Provide a maximum surge response time less than 200 nanoseconds at
10 kV per microsecond. Ensure that the AC isolation channel surge suppresser can withstand at least
25 occurrences of a 8x20 waveform of 10,000 amperes and a peak single pulse 8x20 microsecond
wave form of 20,000 amperes. Provide a maximum clamping voltage of 30V. Provide a maximum
response time less than 1 nanosecond. Ensure that the discharge voltage is under 200 volts at 1000
amperes and the insulation resistance is 100 megaohms. Provide an absolute maximum operating

line current of one ampere at 120 Vrms.

Provide conductors for surge protection wiring that are of sufficient size (ampacity) to withstand
maximum overcurrents which could occur before protective device thresholds are attained and

current flow is interrupted.

Furnish a fluorescent fixture in the rear across the top of the cabinet and another fluorescent
fixture in the front across the top of the cabinet at a minimum. Ensure that the fixtures provide
sufficient light to illuminate all terminals, labels, switches, and devices in the cabinet. Conveniently
locate the fixtures so as not to interfere with a technician’s ability to perform work on any devices or
terminals in the cabinet. Provide a protectlve diffuser to cover exposed bulbs. Furnish all bulbs with
the cabinet. Provide door sthch actuation for the fixtures.

Furmsh a police panel with a police panel door. Ensure that the police panel door permits access
to the police panel when the main door is closed. Ensure that no rainwater can enter the cabinet even
with the police panel door open. Provide a police panel door hinged on the right side as viewed from
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the front. Provide a police panel door lock that is keyed to a standard police/fire call box key. In
addition to CALTRANS Specifications, provide the police panel with a toggle switch connected to
switch the intersection operation between normal stop-and-go operation (AUTO) and manual
operation (MANUAL). Ensure that manual control can be implemented using inputs and software
such that the controller provides full programmed clearance times for the yellow clearance and red
clearance for each phase while under manual control. '

Provide a 1/4-inch locking phone jack in the police panel for a hand control to manually control
the intersection. Provide sufficient room in the police panel for storage of a hand control and cord.

Provide detector test switches inside the cabinet on the door or other convenient location which
may be used to place a call on each of eight phases based on standard CALTRANS input file
designation for detector racks. Provide three positions for each switch: On (place call), Off (normal
detector operation), and Momentary On (place momentary call and return to normal detector
operation after switch is released). Ensure that the switches are located such that the technician can

read the controller display and observe the intersection.

Equip cabinet with a connector and terminal assembly designated as P20 (Magnum P/N 722120
or equivalent) for monitoring the absence of any valid AC+ signal display (defined here as red,
yellow, or green) input on any channel of the conflict monitor. Connect the terminal through a 3 1/2
feet 20 wire ribbon cable which mates on the other end to a connector (3M-3428-5302 or equivalent)
installed in the front of the Type 2010 enhanced conflict monitor. Ensure that the female connector
which mates with the connector on the conflict monitor has keys to ensure that proper connection.
Ensure that the cabinet enters the flash mode if the ribbon cable is not properly connected. Provide a
P20 connector and terminal assembly that conforms to Los Angeles City DOT “Traffic Signal
Speciﬁcation‘ DOT 170 ATSAC Universal and Related Equipment #54-053-02".

Terminate ribbon cable at the P20 connector and terminal assembly. Ensure the P20 connector
and mating ribbon cable connector is keyed to prevent cable from being improperly installed. Wire
the P20 connector to the traffic signal red displays to provide inputs to conflict monitor as shown:
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Pin # | Function Pin # | Function

1 Channel 15 Red 11 Channel 9 Red
2 Channel 16 Red 12 Channel 8 Red
3 Channel 14 Red 13 Channel 7 Red
4 GND 14 Channel 6 Red

Channel 13 Red 15 Channel 5 Red

Special Function2 | 16 Channel 4 Red

Channel 12 Red 17 Channel 3 Red

Special Function 1 | 18 Channel 2 Red

O |0 Q| N| W

Channel 10 Red 19 Channel 1 Red

10 Channel 11 Red 20 Red Enable

Provide a convenient means to jumper 120 VAC from the signal load switch AC+ supply bus to
any channel Red input to the P20 connector in order to tie unused red inputs high. Ensure that easy
access is provided to the jumper connecting terminals on the back side of cabinet. Locate the jumper
terminals connecting to all 16 channel Red inputs in the same terminal block. For each channel Red
input terminal, provide a companion terminal supplying AC+ from the signal bus. Provide one of the
following two methods for providing Signal AC+ to the channel red input:

e Place a commercially available jumper plug between the channel Red input and its
companion Signal Bus AC+ terminal.

e Place a jumper wire between a channel red input screw terminal and its companion Signal

Bus AC+ screw terminal.

Connection between channel Red input terminal and its companion Signal Bus AC+ terminal
must not require a wire greater than 1/2 inch in length.

Conform to the following Department wiring requirements:
e Wire the Red Enable monitor input to the Signal Bus AC+ terminal TB01-1.

e Do not connect either the special function 1 or the special function 2 monitor input to the
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red monitor card.

e Ensure that removal of the P-20 ribbon cable will cause the monitor to recognize a
latching fault condition and place the cabinet into flashing operation and that this is

implemented in the conflict monitor software.

e Ensure that removal of the conflict monitor from the cabinet will cause the cabinet to

revert to flashing operation.
Provide Model 200 load switches and Model 204 flashers.

E.3. Cabinet Physical Requirements

Provide a surge protection panel with 16 loop protection devices and designed to allow sufficient
free space for wire connection/disconnection and surge protection device replacement. Provide an
additional three slots protected with six AC+ interconnect surge devices and two protected by four
DC surge protection devices. Provide no protection devices on slot 14. Attach flash sense and stop

time to the upper and lower slot as required.

i) For pole mounted cabinets, mount surge protection devices for the AC+ interconnect cable
inputs, inductive loop detector inputs, and low voltage DC inputs on a fold down panel assembly on
the rear side of the input files. Fabricate the surge protection devices from sturdy aluminum and
incorporate a swing down back panel to which the surge protection devices are attached. Attach the
swing down panel to the assembly using thumb screws. Have the surge protection devices mounted
horizontally on the panel and soldered to the feed through terminals of four 14 position terminal
blocks with #8 screws mounted on the other side.

ii) For base mounted cabinets, attach separate surge protection termination panels to each side of
the cabinet rack assembly. Mount the surge protection termination panel for AC isolation devices on
the same side of the cabinet as the AC service inputs. Install the surge protection termination panel
for DC terminals and loop detector terminals on the opposite side of the cabinet from the AC service
inputs. Attach each panel to the rack assembly using bolts and make it easily removable. Mount the
surge protection devices in horizontal rows on each panel and solder to the feed through terminals of
14 position terminal blocks with #8 screws mounted on the other side. Wire the terminals to the rear
of a standard input file using spade lugs for input file protection.

Provide permanent labels that indicate the slot and the pins connected to each terminal that may
be viewed from the rear cabinet door. Label and orient terminals so that each pair of inputs is next to
each other. Ensure the top row of terminals is connected to the upper slots and the bottom row of
terminals is connected to the bottom slots. Indicate on the labeling the slot number (1-14) and the
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terminal pins of the input slots (either D & E for upper or J & K for lower). Terminate all grounds
from the surge protection on a 15 position copper equipment ground bus attached to the rear swing
down panel. Ensure that a Number 4 AWG green wire connects the surge protection panel assembly-
ground bus to the main cabinet equipment ground. Provide a standard input file and surge protection
panel assembly that fits outside and behind the input file. Ensure the fold down panel allows for easy
removal of the input file without removing the surge protection panel assembly or its parts.

Provide a minimum 14 x 16 inch pull out, hinged top shelf located immediately below fiber optic
interconnect center (when applicable). Ensure the shelf is designed to fully expose the table surface
outside the controller at a height approximately even with the bottom of the controller. Ensure the
shelf has a storage bin interior which is a minimum of 1 inch deep and approximately the same
dimensions as the shelf. Provide an access to the storage area by lifting the hinged top of the shelf.
Fabricate the shelf and slide from aluminum or stainless steel and ensure the assembly can support
the 2070 controller plus 15 pounds of additional weight. Ensure shelf has a locking mechanism to
secure it in the fully extended position and does not inhibit the removal of the 2070 controller or
removal of cards inside the controller when fully extended. Provide a locking mechanism that is
easily released when the shelf is to be returned to its non-use position directly under the controller.

» E.4. Model 2010 Enhanced Conflict Monitor

Furnish Model 2010 Enhanced Conflict Monitors that provide monitoring of 16 channels. Ensure
each channel consists of a green, yellow, and red field signal input. Ensure that the conflict monitor
meets or exceeds CALTRANS Transportation Electrical Equipment Specifications dated August 16,
2002 with Erratum 1 and 2 (hereafter referred to as CALTRANS’s 2002 TEES) for a model 210
monitor unit and other requirements stated in this specification. '

Ensure the conflict monitor is provided with a 16 channel conflict programming card. Pin 16 and
Pin T of the programming card shall be connected together. Ensure that the absence of the conflict
programming card will cause the conflict monitor to trigger (enter into fault mode), and remain in
the triggered state until the programming card is properly inserted and the conflict monitor is reset.

Provide a conflict monitor that incorporates LED indicators into the front panel to dynamically
display the status of the monitor under normal conditions and to provide a comprehensive review of
field inputs with monitor status under fault conditions. Ensure that the monitor indicates the channels
that were active during a conflict conditions and the channels that experienced a failure for all other
per channel fault conditi@ns detected. Ensure that these indications and the status of each channel are
retained until the Conflict Monitor is reset. Furnish LED indications for the following:

o ACPower
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e VDC Failed

e WDT Error

e Conflict

e Red Fail

e Dual Indication

e Short Yellow/Sequence Failure
e Program Card/PC Ajar

e Monitor Fail/Diagnostic Failure

. Channel Indicators (One indicator for each green, yellow, and red field signal input for
each channel) '

In addition to the connectors required by CALTRANS’s 2002 TEES, provide the conflict
monitor with a red interface connector mounted on the front of the monitor (3M-3428-5302 or
equivalent with polarizing keys) which ensures proper mating with a 20 pin cable connector that
conducts the signals from the P20 connector on the cabinet assembly. Keying of the connector shall
be between piﬂs 3 and 5, and between 17 and 19. The odd numbered pins are on one side, and the
even pins on the other. Provide connector pins on the monitor with the following functions:

Pin # | Function Pin # | Function

1 Channel 15Red |2 Channel 16 Red
3 Channe]l 14 Red | 4 Chassis Ground

5 Channel 13 Red | 6 Special Function 2
7 Channel 12 Red |8 Special Fuﬁction 1
9 Channel 10 Red | 10  Channel 11 Red

11 Channel 9 Red 12 Channel 8 Red

13 Channel 7 Red 14 Channel 6 Red

15 Channel 5 Red 16 Channel 4 Red

17 Channel 3 Red 18 Channel 2 Red

19 Channel 1 Red 20 Red Enable
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Ensure that removal of the P-20 red interface ribbon cable will cause the monitor to recognize a
latching fault condition and place the cabinet into flashing operation.

Provide Special Function 1 and Special Function 2 inputs to the unit which shall disable only
Red Fail Monitoring when either input is sensed active. A Special Function input shall be sensed
active when the input voltage exceeds 70 Vrms with a minimum duration of 550 ms. A Special
Function input shall be sensed not active when the input voltage is less than 50 Vrms or the duration
is less than 250 ms. A Special Function input is undefined by these specifications and may or may
not be sensed active when the input voltage is between 50 Vrms and 70 Vrms or the duration is
between 250 ms and 550 ms.

- Ensure the conflict monitor recognizes field signal inputs for each channel that meet the
following requirements:

e consider a Red input greater than 70 Vrms and with a duration of at least 500 ms as an

“on” condition;

e consider a Red input less than 50 Vrms or with a duration of less than 200 ms as an “off”
condition (no valid signal);

e consider a Red input between 50 Vrms and 70 Vrms or with a duration between 200 ms
and 500 ms to be undefined by these specifications;

e consider a Green or Yellow input greater than 25 Vrms and with a duration of at least 500

- ms as an “on” condition;

e consider a Green or Yellow input less than 15 Vrms or with a duration of less than 200

ms as an “off” condition; and

e consider a Green or Yellow input between 15 Vrms and 25 Vrms or with a duration
between 200 ms and 500 ms to be undefined by these specifications.

Provide a conflict monitor that recognizes the faults specified by CALTRANS’s 2002 TEES and
the following additional faults. Ensure monitor will trigger upon detection of a fault and will remain
- in the triggered (in fault mode) state until unit is reset at the front panel or through the external

remote reset input for the following failures:

1. Red Monitoring or Absence of Any Indication (Red Failure): A condition in which no
““on” voltage signal is detected on any of the green, yellow, or red inputs to a given
monitor channel. If a signal is not detected on at least one input (R, Y, or G) of a conflict

132 print date: 02/23/09



U-5016 Goldsboro Signal System 175

Intelligent Transportation Systems Section

monitor channel for a period greater than 1000 ms when used with a 170 controller and
1500 ms when used with a 2070L controller, ensure monitor will trigger and put the
intersection into flash. If the absence of any indication condition lasts less that 750 ms
when used with a 170 controller and 1200 ms when used with a 2070L controller, ensure
conflict monitor will not trigger. Have red monitoring occur when both the following
input conditions are in effect: ‘

a) Red Enable input to monitor is active (Red Enable voltages are “on” at greater than 70
Vrms, off at less than 50 Vrms, undefined between 50 and 70 Vrms), and

b) neither Special Function 1 nor Special Function 2 inputs are active.

2. Short/Missing Yellow Indication Error (Sequence Error): Yellow indication
following a green is missing or shorter than 2.7 seconds (with + 0.1-second accuracy). If
a channel fails to detect an “on” signal at the Yellow input for a minimum of 2.7 seconds
(% 0.1 second) following the detection of an “on” signal at a Green input for that channel,
ensure that the monitor triggers and generates a sequence/short yellow error fault
indication. This fault shall not occur when the channel is programmed for Yellow Inhibit
or when the Red Enable signal is inactive.

3. Dual Indications on the Same Channel: In this condition, more than one indication
(R,Y,G) is detected as “on” at the same time on the same channel. If dual indications are
detected for a period greater than 500 ms, ensure that the conflict monitor triggers and
displays the proper failure indication (Dual Ind fault). If this condition is detected for less
than 250 ms, ensure that the monitor does not trigger. '

4. Configuration Settings Change: The configuration settings are comprised of (as a
minimum) the permissive diode matrix, dual indication switches, yellow disable jumpers,
any option switches, any option jumpers, and the Watchdog Enable switch. Ensure the

~ conflict monitor compares the current configuration settings with the previous stored
configuration settings on power-up, on reset, and periodically during Voperation. If any of
the configuration settings are changes, ensure that the conflict monitor triggers and
causes the program card indicator to flash. Ensure that configuration change faults are
only reset be depressing and holding the front panel reset button for five second. Ensure
the external remote reset input does not reset configuration change faults.

Ensure the conflict monitor will trigger and the AC Power indicator will flash at a rate of 2 Hz +
20% with a 50% duty cycle when the AC Line voltage falls below the “drop-out” level. Ensure the
conflict monitor will resume normal operation when the AC Line voltage returns above the “restore

»
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level. Ensure the AC Power indicator will remain illuminated when the AC voltage returns above the
“restore” level. The “drop-out” level is at 98 Vrms and the “restore” level is at 103 Vrms with timing
at 400 ms. Should an AC Line power interruption occur while the monitor is in the fault mode, then
upon restoration of AC Line power, the monitor will remain in the fault mode and the correct fault
and channel indicators will be displayed.

Provide a flash interval of at least 6 seconds and at most 10 seconds in duration following a
power-up, and AC Line interruption, or a brownout restore. Ensure the conflict monitor will suspend
all fault monitoring functions, close the Output relay contacts, and flash the AC indicator at a rate of
4 Hz + 20% with a 50% duty cycle during this interval. Ensure the termination of the flash interval
after at least 6 seconds if the Watchdog input has made 5 transitions between the True and False
state and the AC Line voltage is greater than the “restore” level. If the watchdog input has not made
5 transitions between the True and False state within 10 + 0.5 seconds, the monitor shall enter a
WDT error fault condition.

Ensure to monitor an intersection with up to four approaches using the four-section Flashing
Yellow Arrow (FYA) vehicle traffic signal as outlines by the NCHRP 3-54 research project for
protected-permissive left turn signal displays. Ensure the conflict monitor will operate in the FYA
mode and FYAc (Compact) mode as specified below to monitor each channel for the following fault
conditions: Conflict, Red Fail, Dual Indication, and Clearance. Provide a switch to select between
the FYA and FYAc mode. Provide a switch to select each FYA phase movement for monitoring:

" FYA mode
FYA Signal
ena Phase 1 Phase 3 Phase 5 Phase 7
Head ]
Red Arrow Channel 9 Red_ Channel 10 Red | Channel 11 Red | Channel 12 Red
Channel 9 Channel 10 Channel 11 Channel 12
Yellow Arrow
Yellow Yellow Yellow Yellow
Flashing Yell ' Ch 110 Ch: 111 Ch: 112
ashing Yellow c 19 Green anne anne anne
Arrow Green Green Green
Green Arrow Channel 1 Green | Channel 3 Green | Channel 5 Green | Channel 7 Green
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FYAc mode
ignal
FYA Sign Phase 1 Phase 3 Phase 5 Phase 7
Head
Red Arrow Channel 1 Red Channel 3 Red Channel 5 Red Channel 7 Red
Channel 1 Channel 3 Channel 5 .| Channel 7
Yellow Arrow
Yellow Yellow Yellow Yellow
ing Yell
Flashing Yellow Channel 1 Green | Channel 3 Green | Channel 5 Green | Channel 7 Green
Arrow
Channel 9 Ch 110
Green Arrow Channel 9 Green © anne Chaonel 10
Yellow Green Yellow

Ensure that the conflict monitor will log at least nine of the most recent events detected by the
monitor in non-volatile EEPROM memory (or equivalent). For each event, record at a minimum the
time, date, type of event, status of each field signal indication with RMS voltage, and specific
channels involved with the event. Ensure the conflict monitor will log the following events: monitor
reset, configuration, previous fault, and AC line. Furnish the signal sequence log that shows all
channel states (Greens, Yellows, and Reds) and the Red Enable State for a minimum of 2 seconds
prior to the current fault trigger point. Ensure the display resolution of the inputs for the signal
sequence log is not greater than 50 ms. | ’

Provide a RS-232C/D compliant port (DB-9 female connector) on the front panel of the conflict
monitor in order to provide communications from the conflict monitor to the 170/2070L controller or
to a Department-furnished laptop computer. Electrically isolate the port interface electronics from all
monitor electronics, excluding Chassis Ground. Ensure that the controller can receive all event log
information through a controller Asynchronous Communications Interface Adapter (Type 170E) or
Async Serial Comm Module (2070L). Provide a Windows based graphical user interface software to
communicate directly through the same monitor RS-232C/D compliant port to retrieve and view all
event log information to a Department-furnished laptop computer. The RS-232C/D compliant port
on the monitor shall allow the monitor to function as a DCE device with pin connections as follows:
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Conﬂicf_Monitor RS-232C/D (DB-9 Female) Pinout
Pin Number Function /o
1 DCD
2 TX Data
3 RX Data I
4 DTR I
5 Ground -
6 DSR 0]
7 CTS I
8 RTS O
9 NC -

E.5. Model 222 Detector Sensor Units

Furnish detector sensor units that comply with Chapter 5, “General Requirements for Detector
~ Sensor Units,” of the CALTRANS Specifications, and the requirements for Model 222 loop detector

sensor units.
‘E.6. Auxiliary Output Files

Furnish auxiliary oﬁtput file units that comply with Chapter 3 Section 8 of the CALTRANS
Specifications (2002 TEES) and the requirements for Model 214 ITS Auxiliary Monitor Units

(AMU).
E.7. Cabinet Finish
Cabinet finish shall be an anodized silver aluminum finish.

24.3. CONSTRUCTION METHODS

A. General

Remove existing controllers and cabinets as shown in the Plans. Prior to any work being
performed on an existing cabinet, place permanent labels on all conductors using a naming
convention such as Phase One Green, Phase Two Yellow, Loops 2A, etc. Remove the maintenance
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diary from the cabinet and place it in the new cabinet or present it to the Engineer. Take existing
equipment out of service only at the time directed.

Locate new cabinets so as not to obstruct sight distance of vehicles turning on red.

Install controllers, cabinets, detector sensor units, auxiliary output files, and hardware that
provide the required phasing, color sequence, flash sequence, interconnection, railroad clearance and
preemption, and emergency vehicle clearance and preemption as shown on the signal plan electrical
drawings. At locations with preemption (emergency vehicle, railroad, or transit vehicle), submit a
completed Preemption Test Procedure Checklist for approval by the Eﬁgineer. The latest checklist

can be found at:

http://www.ncdot.org/doh/preconstruct/traffic/ITSS/ws/preemption.pdf

Stencil signal inventory number on cabinet side facing roadway. Use 3 inch black characters.

~ Provide an external electrical service disconnect at all new and existing cabinet locations unless
otherwise shown on the plans. When field conditions require deviation from the plans, notify the
Engineer.

Do not program controllers for late night flashing operation at railroad preemption installations.
For all other installations, do not program the controller for late night flashing operation unless
otherwise directed. Ensure all signal heads for same approach flash concurrently during flashing
operation.

Provide serial number and cabinet model number for each new controller and controller cabinet
installed.

Install pole mounted cabinets so height to cabinet middle is 4 feet. Install new conduit and riser
entrances in bottom of pole mounted cabinets to accommodate the number of entering cables as

shown in the Plans.
Activate controllers with proposed phasing and timing.

At locations with existing school flasher outputs, integrate school flasher outputs with new
controller and cabinet to preserve all existing functionality.

Ensure that maximum resistance between the grounding electrode and all points in the grounding

system does not exceed 5 ohms.

In addition to the requirements of the NEC, test grounding electrode resistance at the connection
point to the electrical service ground bus for a maximum of 20 ohms. Furnish and install additional
ground rods to the grounding electrode system as necessary to meet test requirements. Submit copy
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of test results to the Engineer and place copy of test results in cabinet.

B. Emergency Vehicle Preemption

Comply with the emergency vehicle preemption requirements detailed in Section 1 of these
Specifications. Coordinate emergency vehicle preemption work with the proper operating authority.
Contact the proper operating authority and schedule installation of all equipment. Reuse existing
hardware, harnesses, and wires to interface with new signal controller and cabinet.

C. Railroad Preemption

Comply with the railroad preemption requirements detailed in Section 1 of these Specifications.
Furnish and install new preemption and blankout panel (Control Technologies part number 2299-101
or approved equivalent), hardware, harnesses, and wires as required to interface with new signal
controller and cabinet. Inspect new railroad preemption in accord with the Standard Specifications
and these Project Special Provisions. The Contractor shall perform all work necessary to ensure all
railroad préemption functionality remains after installation of the new controller and cabinet.

24.4. MEASUREMENT AND PAYMENT

- Controllers with cabinets (___) will be measured and paid as the actual number of each type of
~ controllers with cabinets furnished, installed, and accepted in accord with the following conditions:
90% of the payment will be made upon acceptance of the installed unit; 10% of the payment will be
made following final acceptance of the integrated system (including completion of the 60 day
observation period). ’

No measurement of payment will be made for removing existing cabinets and controllers, as this
will be considered incidental to the installation of new controllers with cabinets.

Detector card ( ) will be measured and paid as the actual number furnished, installed, and
accepted.

Auxiliary output files will be measured and paid as the actual number furnished, installed, and

accepted.

No measurement or paymént will be made of conflict monitors, grounding systems, AC/DC
isolators, preemption systems, school flasher integration and new hardware required to integrate
school flasher, entrances for pole mounted cabinet configurations, and painting of cabinets, as these
will be considered incidental to furnishing and installing controllers with cabinets.

No measurement or payment will be made of new riser assemblies and conduit needed to

complete terminal splice boxes.
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No measurement or payment will be made for developing cabinet prototypes, as that will be
considered incidental to the installation of new cabinets.

Payment will be made under:

Controller with Cabinet (Type 2070L, 332 Base Mounted)........c.cccceververnurrerscereirnersnesescessnsssesenns Each
Controller with Cabinet (Type 2070L, 336S Base Mounted).........ccceeeeverrueeeerernerereeecenereneeeisseenenes Each
Controller with Cabinet (Type 2070L, 336S Pole Mounted) ...........cccceeeenireeemrceeereenceneneeecnnenens Each
Detector Card (MOl 222) ...t eete ettt sttt e st e ste s ae st sa et eseenastesansnns Each
Auxiliary Output FALE eveereeeeeee e seeeee s seeee e eee s ene e ser e e seeeeees e eereeee s seneeeeee e Each
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25. ELECTRICAL SERVICE
25.1. DESCRIPTION

Install neW electrical service where required by the plans. Coordinate all work involving
electrical service with the appropriate electrical utility company.

25.2. MATERIALS
A. General

Material, equipment, and hardware furnished under this section must be pre-approved on the
Department’s QPL by the date of equipment installation.

Construct electrical service installations in accordance with the Standard Specifications. For
locations shown on the Plans requiring new electrical service, provide a service that includes a new
external service disconnect (breaker box) and a meter base. Run service cable(s) separately in 1”
rigid metallic conduit (RMC). Do not allow the service conductors to share conduits with any other

conductors or communications.

Provide an external electrical service disconnect at all new and existing cabinet locations shown
on the plans. Provide a service disconnect with a single pole 50 ampere circuit breaker with a
minimum of 10,000 RMS symmetrical amperes short circuit rating in a lockable NEMA 3R
enclosure. Provide a ground bus and neutral bus with a minimum of four terminals with a minimum

wire capacity of number 14 through number 4.

For pole mounted cabinets, mount the service on an existing pole as indicated in the Plans, and
extend the service cables into the cabinet through a new 1” RMC.

Coordinate with utility company to ascertain the practicality of installing electrical service at
each location before performing any work.

B. External Electrical Service Disconnect

Furnish external electrical service disconnects with a single pole 50 ampere circuit breaker with a
minimum of 10,000 RMS symmetrical amperes short circuit current rating in a lockable NEMA 3R
enclosure. Ensure service disconnects are listed as meeting UL Standard UL-489 and marked as
being suitable for use as service equipment. Fabricate enclosure from galvanized steel and
electrostatically apply dry powder paint finish, light gray in color, to yield a minimum thickness of
2.4 mils (60 pm). Provide ground bus and neutral bus with a minimum of four terminals with a
minimum wire capacity range of number 14 thfough number 4.
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Furnish NEMA Type 3R meter base rated 100 Ampere minimum that meets the requirement of
the local utility. Provide meter base with sockets’ ampere rating based on sockets being wired with
minimum of 167 degrees F insulated wire. Furnish a 4 terminal, 600 volt, single phase, 3 wire meter

base that complies with the following:

e Line, Load, and Neutral Terminals accept #8 to 2/0 AWG Copper/Aluminum wire
e With or without horn bypass

e Made of galvanized steel

e Listed as meeting the UL Standard UL-414

e Overhead and underground service entrance

Ensure that the meter bases have an electrostatically applied dry powder paint finish, light gray
in color, with a minimum thickness of 2.4 mils (60 pm), unless otherwise called for in the Plans,
Project Special Provisions, or as directed by the Engineer.

Furnish 1-inch watertight hub for threaded rigid conduit with meter base.

If meter base and electrical service disconnect are supplied in the same enclosure, ensure
assembly is marked as being suitable for use as service equipment. Ensure combination meter and
disconnect mounted in a pedestal for underground service is listed as meeting UL Standard UL-231.
Otherwise, ensure combination meter and disconnect is listed as meeting UL Standard UL-67.

25.3. CONSTRUCTION METHODS

A. Electrical Service

At locations where new electrical service is to be installed on wood or metal poles, furnish and
install electrical service as required by the Plans. After installation of the meter base, the utility
company will transfer the existing meter or install a new meter if required and make any necessary
connections to the power lines. Ground the new electrical service in accordance with Division 17 of
the Standard Specifications and Standard Drawings. '

Furnish and install new external service discdnnect (breaker box) of the type shown in the plans.
Route the electrical service through the meter base and service disconnect to the controller cabinet to
form a complete electrical service assembly as shown in the plans. Ensure that the existing
grounding system for the existing service with the new service disconnect complies with the
grounding requirements of these provisions and Division 17 of the Standard Specifications and

Standard Drawings.
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Provide Engineer with a copy of all permits and final inspections if required.

B. Modify Existing Electrical Service

At locations shown in the Plans, modify electrical service to provide complete electrical service
with external service disconnect that complies with the Standard Specifications and Drawings. After
all required modifications are cbmplete, each cabinet shall have its own power meter and electrical
disconnect that are located on a pedestal or pole and not attached to the signal cabinet. Ensure that
all connections between the power source, meter, disconnect, and signal cabinet are complete and
grounded in accordance with these Project Special Provisions, the Standard Specifications, and the

Plans.

If required, furnish and install new external service disconnect (breaker box) of the type shown
in the plans. Route the electrical service through the meter base and service disconnect to the
controller cabinet to form a complete electrical service assembly as shown in the plans. Ensure that
the existing grounding system for the existing service with the new service disconnect complies with
the grounding requirements of these provisions and Division 17 of the Standard Specifications and
Standard Drawings.

25.4. MEASUREMENT AND PAYMENT

New electrical service will be measured and paid as actual number furnished, installed and
tested. No measurement will be made for riser assemblies (1-inch), meter bases, service disconnects,
underground and exposed conduit runs to the cabinet, acquisition of service fees, electrical service
conductors, ground rod, ground wire and any remaining hardware and conduit to connect the
electrical service to the cabinet as these are considered incidental to installing a new electrical

service.

Modify existing electrical service will be measured and paid as actual number of modified
electrical services, including service disconnects, furnished, installed, and integrated into an existing
service to form a complete electrical service. Any electrical service conductors, remaining hardware
and conduit to connect the electrical service to the cabinet are considered incidental to the service
disconnects. No separate payment will be made for extending or replacing electrical service cable

and conduits.
- Payment will be made under:
NEW EIECTICAL SEIVICE.....ucuemeurueertriereieirieaceertes ettt stsae st et ssae et st s s s e st et esesaesesesasssassesasenne Each

Modify Existing Electrical SEIVICE........ccovviiiiiieiniiiieceiriitecteecetetes et ettt et et s nas Each
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26. SPREAD SPECTRUM WIRELESS RADIO
26.1. DESCRIPTION

Furnish and install a spread spectrum wireless radio system with all necessary hardware and
signage in accordance with the plans and specifications to provide a data link between traffic signal
controllers. Provide a radio system with a bi-directional, full duplex communications channel
between two “line-of-sight” antennas using license free, spread spectrum technology operating in the
902-928 MHz frequency band.

Furnish material and workmanship cenforming to the National Electrical Code (NEC), the
National Electrical Safety Code (NESC), Underwriter’s Laboratories (UL) or a third-party listing -
agency accredited by the North Carolina Department of Insurance, and all local safety codes in effect
on the date of advertisement. Comply with all regulations and codes imposed by the owner of
affected utility poles.

26.2. MATERIALS
A. 900MHz Wireless Radio Systems

Furnish license free 902 — 928 MHz radio modems with antennas, coaxial cable and mounting
hardware, and configuration software. Design radio modems to work in “point-to-point”, “point-to-

2% ¢

multipoint”, “multipoint-to-point”, and “multipoint-to-multipoint” configurations. Ensure the spread

spectrum wireless radio meets the following minimum requirements:
e License free (ISM) Spread Spectrum radio band (902 - 928 MHz)

. Frequency Hopping Technology (Direct Sequence Spread Spectrum Technology is not
acceptable)

° B1—D1rect10nal Full Duplex
» Programmable Radio Frequency (RF ) output levels of ImW, 10mW, 100mW, or 1 Watt

e A minimum of 139 user-selectable radio frequency channels, with 62 available hopping
sequences (2 non-overlapping) ’ '

» RS-232 interface capable of operating from 1200 bps to 115.2 Kbps, with 8 or 9 bit
format or 1200 bps Bell 202

e DB9-F connector for RS-232 port

. Maximum of 8 mSec. end-to-end latency
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e 16 bit Cyclic Redundancy Check (CRC) error checking with auto re-transmit

e Built-in store-and-forward (single radio repeater — back to back radio set-ups are not

allowed to accomplish this function)
e 32 Bit encryption
e Receiver Sensitivity of —110dBm @ 10*-6 BER
o Antenna port: Reverse Polarity - Threaded Normalized Connector-Female (RP TNC-F)

antenna connector

e Front panel LED indicators:
o Power
o Transmit Data
o Receive Data
o Data Port Indicator

e Operating temperature of —40 to +176 degrees F at 0 to 95% Humidity

o Power supply requirements:

o Wall Adapter: 120 VAC UL/CSA wall cube plug-in module with 12 VDC, 1
Amp, nominal output.

o Typical current draw of no greater than 355 mA when powered with 12 VDC
-- input, and transmitting 1 Watt of RF output power.

o Radio Sleep mode with a maximum current draw of 01 0A.

e Shelf mounted design

Fumish a Radio Frequency Signal Jumper constructed of an RG-58 Coaxial Cable with Reverse
Polarity - Threaded Normalized Connector-Male (RP TNC-M) on one end for connection to a radio
unit and a Standard N-Type Male Connector on the other end for connection to the lightning
, arrestor. Provide the jumper in 6 foot lengths. Ensure that the cable is assembled by a manufacturing
facility. Contractor and/or Vendor assembled cables are not acceptable.

Furnish an RS-232 data interface cable to be installed between the radio modem and the field
device’s RS-232 interface. Ensure cable is a minimum of 6 feet long. Ensure that the cable is
assembled by a manufacturing facility. Contractor and/or Vendor assembled cables are not

acceptable.
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Ensure that installing the wireless radio system with a fully functional field device (i.e.
controller) does not require any field device modifications with regards to hardware or software.

Furnish an ENCOM Model #EP-5200 Spread Spectrum Wireless Radio or an approved

equivalent.

B. 900MHz Wireless Repeater Standalone Radio System

B.1. General
Furnish an operational 900MHz wireless repeater radio system installed in a NEMA Type 3R
enclosure for pole mounting. As a minimum, ensure the 900Mhz Wireless repeater radio meets the

specifications provided above.

B.2. Cabinet

Furnish the cabinet shell constructed from unpaihted, natural aluminum. Ensure that all non-
aluminum hardware on the cabinet is stainless steel or an approved non-corrosive alternate. Ensure
that each exterior cabinet plane surface is constructed of a single sheet of aluminum and is seamless.
Provide continuous welds made from the inside wherever possible. On the exterior, provide joints
that are smooth and flush. Ensure that no screws, bolts, or rivets protrude to the outside of the

cabinet shell.
Ensure that all components are arranged for easy access during servicing.

Provide sufficient size so the installed equipment will not occupy more than 60 percent of the
total cabinet volume.

Provide a handle and three point latching mechanism designed to be disassembled using hand
tools. Provide a shaft connecting the latching plate to the door handle by passing through the door
within a bushing, bearing, or equivalent device. Provide a latching plate at least 1/8 inch thick and
that mates securely with the lock bolt. Provide a lock bolt with a flat end (no bevel) and that has at
least 1/4 inch of length in contact with the latching plate.

Ensure that the handle and lock are positioned so that the lock does not lie in the path of the
rotating handle as the door is unlatched and that the handle points down in the latched position.

Provide a main door opening that encompasses the full frontal area of the cabinet shell. Ensure
that the cabinet shell is sturdy and does not exhibit noticeable flexing, bending or distortion under
normal conditions, except that a minor amount of flexing is permitted in the main door when the
cabinet is open. In such case, the flexing must not result in permanent deformation of the door.

A police panel door is not required for this cabinet.
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Provide a roof with a slope from front to back at a minimum ratio of 1 inch drop per 2 feet.
Ensure the cabinet is vented at the top and in the door. Supply a cabinet door assembly with a
louvered air vent and standard-sized fiberglass air filter.

Provide one equipment shelf in the cabinet that extends the practical width of the cabinet. Ensure
that the shelf can be moved up and down within the cabinet. Do not locate permanently mounted

equipment in such a way that will restrict access to terminals.

B.3. Cabinet Electrical
Furnish a cabinet with two 15 Amp, single pole circuit breakers for power distribution. Ensure
one 15 Amp auxiliary breaker provides the electrical circuit to accommodate a thermostatically

controlled cabinet exhaust fan, door activated fluorescent light, and one GFCI convenience

receptacle.

_ Ensure the second 15 Amp equipment breaker provides the electrical circuit to accommodate the
electrical equipment installed in the cabinet with a minimum of two duplex receptacles.

Provide a two-stage power line surge protector between the electrical equipment receptacles and
the 15 Amp equipment breaker. Ensure a maximum continuous current of at least 10A at 120V.
Ensure that the device can withstand a minimum of 20 peak surge current occurrences at 20,000A
for an 8x20 microsecond waveform. Provide a maximum clamp voltage of 280V at 20,000A with a
nominal series inductance of 200ph. Ensure that the voltage does not exceed 280V. Provide devices

that comply with the following:

Frequency (Hz) | Mimimum Insertion Loss (dB)
60 0
| 10,000 30
50,000 55
100,000 50
500,000 50
2,000,000 60
5,000,000 40
10,000,000 20
20,000,000 25

146 print date: 02/23/09



U-5016 Goldsboro Signal System 189
Intelligent Transportation Systems Section

Ensure the two-stage power line surge protector will allow connection of a radio frequency
interference filter between the two stages of the device. Ensure the radio frequency interference filter
minimizes interference generated in the cabinet in both the broadcast and aircraft frequencies.
Ensure the filter(s) provide attenuation of at least 50 decibels over a frequency range of 200 kilohertz
to 75 megahertz. Furnish a filter that is hermetically sealed in an insulated metal case. Ensure the
filter is rated at least at the rated current of the main circuit breaker, 125-volts, 60Hz.

Furnish a fluorescent fixture with lamps mounted above the shelf to light the equipment area.

Fasten all wiring and harness supports to the cabinet with screws or other removable mechanical

means. Do not use adhesives.

Do not locate terminals on the underside of the shelf or at other places where they are not readily
visible and accessible, or where they may be a hazard to personnel. Provide a clear plastic guard for
exposed 120-volt AC terminals on the power panel. ‘

Provide a neutral that is not connected to the earth ground or the logic ground anywhere within
the cabinet. Ensure that the earth ground bus and the neutral ground bus each have ten compression
type terminals each of which can accommodate wires ranging from number 14 through number 4.

* Furnish a cabinet wiring schematic to be placed in the cabinet. Reference the cabinet wiring

schematic below for additional details:
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C. Software

Furnish units with a Window Based software program that uses a GUI (Graphical User Interface)
to provide “remote programming, radio configuration, remote maintenance, diagnostics and
spectrum analyzer” features. For compatibility with the ENCOM wireless radio or an approved
equivalent wireless radio, providle ENCOM ControlPAK software or an approved equivalent
- software that is designed to function with the approved wireless radio. Provide configuration
software that can be upgraded in the future at no additional charge.

Ensure the radio modem is configurable from a single location (i.e. master radio location) via
supplied software (no extra cost). Furnish software supplied with drivers to allow easy set-up with
all industry standard traffic signal controllers, including 2070 controllers containing custom software
written specifically for the North Carolina Department of Transportation. Ensure the supplied
- software contains pre-written drivers for industry standard radar and video detection packages and

Dynamic Message Sign controllers.

D. Directional Antenna (Yagi)

Furnish a directional antenna that will allow the system to function as designed. Furnish a 8.5
dBd Gain or 13 dBd Gain antenna that meets the following minimum specifications: -

(8.5 dBd Gain)

Frequency Range 896 — 940 MHz
Nominal Gain 8.5 dBd

Front to Back Ratio 18dB -

Horizontal Beamwidth (at half power points) 65 degree

Vertical Beamwidth (at half power points) 55 degree

Power Ratiﬁg, UHF Frequency 200 Watts

Lightning Protection DC Ground

Termination Coaxial pigtail with a Standard N-Type Female
Connector

Impedance 50 ohms

Length 24”

Rated Wind Velocity 125 mph
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Rated Wind Velocity (with 0.5 inch radial ice) | 100 mph
Projected Wind Surface Area (flat plane

. 0.26 ftsq.
equivalent)
Number Elements 6
Allows for Vertical or Horizontal polarization
Minimum separation distance from persons -
installing and using an active device
Minimum separation distance from other RF 6.5
sources including radios and antennas ’
Welded construction
(13 dBd Gain)
Frequency Range 902 - 928 MHz
Nominal Gain 13 dBd
Front to Back Ratio 20 dB

Horizontal Beamwidth (at half power points) 40 degree

Vertical Beamwidth (at half power points) 35 degree

Power Rating, UHF Frequency 200 Watts

Lightning Protection DC Ground

Terminaﬁon Coaxial pigtail with a Standard N-Type Female
Connector :

Impedance ' 50 ohms

Length ' 53”

Rated Wind Velocity 125 mph

Rated Wind Velocity (with 0.5 inch radial ice) | 100 mph

Projected Wind Surface Area (flat plane
equivalent)

0.46 fisq.
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Number Elements 13

Allows for Vertical or Horizontal polarization

Minimum separation distance from persons 9"
installing and using an active device

Minimum separation distance from other RF 6.5°

sources including radios and antennas

Welded construction

Furnish mounting hardware with the antenna that will secure the antenna to a mounting pipe that -
has a 1.5” Nominal Pipe Size (approximately 2” OD pipe diameter), as recommended by the
manufacturer of the antenna and as approved by the Engineer.

E. Antenna Mounting Hardware Kit

Furnish an antenna mounting kit to support the antenna when attached to a metal pole, mast arm,
or wood pole. Furnish PELCO Part # AB-0604 — “Antenna Mount, Cable Astro Mini-Brac for

Antenna” or an approved equivalent.

PELCO PART # AB- -
DESCRIPTION QUANTITY
0604 ‘
CABLE ASSY, ASTRO-MINI-BRAC,SS END & GLV
AB-0336-L : 1
84” CABLE '
AB-0339-M2 PLATE, CABLE CLAMP, MINI-BRAC, ALU 1
FS-2098-SS BOLT, HEX HD, 5/16” - 18 x 7/8”, STAINLESS 2
FS-4201-SS WASHER, SPLIT LOCK, 5/16”, STAINLESS 2
AB-0260 | TUBE CAP, PLASTIC 1
SE-0326-18 SUPPORT TUBE, 1-%"x 18” LG, ALUM 1
ELL, SERRATED, 1 - %”, DOUBLE SET SCREW, DIE
SE-0457-M2
0457 CAST ALUM !
FS-3219-SS SCREW, SET SQ HD %” —-20x %", STAINLESS 4
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SE-0436-24 NIPPLE, SCH 40, 1 %2 NPS x 24” LONG, ALUM 1
FS-3205-SS SCREW, SET SQ HD %” -20x 5/8”, STAINLESS 1
CLAMP, MINI-BRAC CABLE MOUNT, 1 ¥%” ,
AB-0266-M3 T, 177 NPS 1
Coaxial Cable

Furnish 400 Series coaxial cable to provide a link between the antenna and the lightning arrestor

that meets the following minimum specifications:

Attenuation (dB per 100 feet) @ 900 MHz

3.9dB

Power Rating @ 900 Mhz

0.58 kW

Center Conductor

0.108” Copper Clad Aluminum

Dielectric: Cellular PE

0.285”

Shield

Aluminum Tape — 0.291”

Tinned Copper Braid — 0.320”

Jacket Black UV protected polyethylene

Bend Radius 1 with less thaﬁ 1 ohm impedance change at bend
Impedance '| 50 ohms

Capacitance per foot 23.9 pf/ft

End Connectors

Standard N-Type Male Connectors on both ends

Standard N—Type Male Connector

Furnish Standard N-Type Male Connector(s) of proper sizing to mate with the 400 series coaxial

cable and utilize a crimping method to secure the connector to the coaxial cable. Furnish a connector

that meets the following minimum specifications:

e Center Contact: Gold Plated Beryllium Copper-(spring loaded — Non-solder)

o Quter Contact: Silver Plated Brass

e Body: Silver Plated Brass
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e Crimp Sleeve: Silver Plated Copper
e Dielectric: Teflon PTFE
e Water Proofing Sleeve: Adhesive Lined Polyolefin — Heat Shrink
e Attachment Size: Crimp Size 0.429” (minimum) hex
o Electrical Properties:
o Impedance: 50 ohms
o Working Voltage: 1000 vrms (max)
o Insertion loss: 0.1 x V Fghz
o VSWR: 1.25:1 (max) up to 3GHz
Provide instructions on properly installing the connector.

H. Coaxial Cable Shield Grounding and Weatherproofing Kits

Furnish a Coaxial Cable Shield Grounding Kit containing components that will adequately bond
and ground the cable shield to the pole ground. Ensure the grounding kit complies with MIL-STD-
188-124A Specifications “Military Standard for Grounding, Bonding and Shielding” for coaxial
cable and protects the cable from lightning currents in excess of 200kA. Ensure each kit is supplied,
as a minimum, with the followihg:

e Preformed Strap: 24 Gauge copper strap that is a minimum of 1 5/8 inch long and is sized
to mate with the 400 series coaxial cable

e Tensioning Hardware: Copper nuts and lock washers
e Grounding Lead Cable: #6 AWG, stranded, insulated copper wire
e Instructlons on properly installing the shield grounding system

Furnish a Weatherprooﬁng Kit containing components that will protect the coaxial cable shield
grounding system against the ingress of moisture and prevent vibrations from loosening the
connections. Ensure the weatherproofing kit is supplied, as a minimum, with the following:

e Butyl Mastic Tape: 3 3/4 inches wide by 24 inches long (approximately)
¢ Electrical Tape: 2 inch wide by 20 inches long (approximately)

o Instructions on propetly installing the weatherproofing system
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L Lightning Arrestor:

Furnish a lightning arrestor installed in line between each antenna and its designated radio
modem inside the equipment cabinet. Furnish a Polyphaser Model # DSXL-BF lightning arrestor or
an approved equivalent that meets the following minimum specifications:

Filter Type — DC Block (None gas tube design)

Surge: 20kA, 800MHz to 2.0GHz < 1.1 : 1 VSWR
18kA, 800MHz to 2.3GHz < 1.1 : 1 VSWR
700MHz to 2.7GHz < 1.2 : 1 VSWR

Insertion Loss: J0.1 dB over frequency range

Max Power: 500 w @ 920MHz (750 W @ at 122D F)

RF Power: 300 Watts

Let Through Voltage: O+/- 3 Volts for 3kA @ 8/20 Os Waveform
Throughput energy: 0 0.5 07 for 3kA @ 8/20 Os Waveform
Temperature: -40 to 1850 F Storage/Operating 1220 F
Vibration: 1G at 5 Hz up to 100Hz

Unit Impedance: 50Q

VSWR: 1.1:1

Frequency Range: 800 MHz to 2200 MHz

Multistrike capability

Low strike throughput energy

Flange mount and bulkhead mount options

Standard N-Type Female Connector on both the surge side and protected side connectors

J. Coaxial Cable — Power Divider (Splitter)

Furnish a coaxial cable — power divider for repeater radio sites. Ensure the power divider |
accommodates a single primary input RF source and divides/splits the signal (power) equally
- between two output ports. Furnish a Telewave Inc., Model ANT-PD29 power divider or an

approved equivalent that meets the following minimum specifications.
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Power Division 2 — Way
Frequency 900 - 1100 MHz
Insertion Loss 0.22 dB
Impedance 50 Ohm
VSWR ref. to 50 Ohm (max) | 1.3:1
Max. Input Power 500 Watts
Connectors Standard N-Type Female
Dimension 2.5"W x 5”L
Weight “ | 1.5 lbs (approximately)

K. Disconnect Switch

Furnish a double pole, single throw snap switch in a weatherproof outlet box with cover, suitable
for use in wet locations. Ensure outlet box and cover supports a lockout tag device. Ensure outlet
box includes one Y2-inch hole in back of box. Furnish mounting hardware, sealing géskets and
lockout tag. (NOTE: On NCDOT owned poles the “Disconnect Switch” can be omitted.)

L. Warning Signs(s) and Decal(s)

Furnish Warning Sign and Decal at locations called for in the plans. Furnish mounting hardware
to secure the Sign to either metal or wood poles. Secure the sign to the pole using ‘Band-It’ brackets
- or a method approved by the engineer. (NOTE: On NCDOT owned poles the “Warning Sign” is
required, however, the “Decal” rhay be omitted.)

26.3. CONSTRUCTION METHODS

A. Genéral

Perform a radio path Site Survey test before installing any equipment. Ensure the test
evaluates the Signal Strength (dBm), Fade Margin (dB), Signal-to-Noise Ratio, Data Integrity (poll
test), and a complete frequency spectrum scan. Ensure the radio path site survey test is performed

using the supplied brand of radio equipment to be deployed. During the initial radio path signal
strength test it may be determined that a repeater station may be necessary to complete the intended
link. Provide the test results to the Engineer for review and approval. Submit copies of the test
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